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ABSTRACT 
In the natural course of shoulder instability, about half of the patients never 
experience a subsequent incident after the primary one, but also chronically 
unstable shoulders may eventually stabilize. The risk for recurrent episodes 
after primary dislocation is high among young and athletic men, and 
therefore, prompt surgery is often proposed for this group. Also, in treatment 
of chronic post-traumatic instability, surgery is often suggested. A significant 
increase in the total incidence and proportion of arthroscopic surgery has 
been widely reported during the last two decades. After a shoulder 
dislocation or a surgical intervention to prevent subsequent shoulder 
instability, mild glenohumeral osteoarthritis (OA) will likely develop within 
years with a minimal impact on the patient’s shoulder function. 
 
Network meta-analyses (NMAs) have not been previously published on 
traumatic shoulder instability. Shoulder capsular surgery incidence rates 
have not been studied in Finland. Glenohumeral OA has previously been 
studied in the long run with non-anatomic or mixed surgical interventions 
with no special attention directed to arthroscopic anatomic fixation methods. 
 
This thesis aimed to evaluate the best available evidence in treatment of 
traumatic shoulder instability, trends in shoulder capsular surgery procedure 
incidences in Finland, and long-term prevalence of glenohumeral OA and 
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shoulder function after arthroscopic labrum repair (LR) with bioabsorbable 
tacks. 
 
We performed a systematic review and an NMA to evaluate the 
effectiveness of different treatment modalities after a first-time traumatic 
shoulder dislocation and in treatment of chronic post-traumatic shoulder 
instability. We examined how shoulder capsular surgery procedures were 
distributed in Finland during 1999-2008 between open and arthroscopic 
procedures geographically, between different age groups, and between 
publicly and privately funded hospitals after a change in the reimbursement 
system of occupational and traffic insurance in 2005. We retrospectively 
analysed a group of patients after arthroscopic LR with bioabsorbable tacks 
in terms of radiological glenohumeral OA and condition-specific shoulder 
function. 
 
According to a moderate level of evidence, surgical treatment of primary 
traumatic shoulder dislocation seems to lead to fewer redislocations than 
non-surgical management, and according to a low level of evidence open LR 
prevents redislocations more efficiently than arthroscopic LR in treatment of 
chronic post-traumatic shoulder instability. The total incidence of shoulder 
capsular surgery procedures and the proportion of arthroscopic procedures 
increased significantly in Finland in the cohorts followed between 1999 and 
2008 with notable geographical variation. Since 2005, the procedure 
incidences have slightly decreased in publicly funded hospitals, but have 
continued to increase in privately funded hospitals without a distinct change 
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in trend. We commonly observed mild glenohumeral OA among patients 
treated with arthroscopic LR with bioabsorbable tacks, but its impact on 
shoulder function was minor. 
 
LR reduced efficiently recurrent shoulder dislocations after primary 
traumatic shoulder dislocation, but routine surgical intervention can still be 
considered over-treatment in the typical patient population. In Finland, total 
incidence of shoulder capsular surgery procedures, proportion of 
arthroscopic procedures, geographical variation in procedures, and 
proportion of older patients increased significantly, which might indicate 
differences in regional treatment practices or background incidence. The 
insurance companies may have referred patients to private hospitals for 
better availability of treating surgeons, faster access to treatment, and lower 
total expenses. In the long run, mild radiological glenohumeral OA was 
commonly observed, but the surgical method itself is probably not significant 
in the development of glenohumeral OA. The impact of glenohumeral OA on 
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The shoulder is the most commonly dislocated large joint (1). The direction 
of the dislocation is usually anterior and the dislocation is regularly of 
traumatic origin (2, 3), but also quite commonly related to sports (4). A 
shoulder dislocation results in structural damage (i.e. labral lesion) almost 
without exception (5). However, pathognomonic clinical presentation of an 
essential lesion of shoulder instability is avulsion of the anterior 
capsulolabral complex inferior to the equator of the glenoid (6). Additionally, 
bony structures may be injured (e.g. the humeral head or the glenoid either 
alone or together), which potentially contribute to recurrent dislocations (7). 
The overall incidence of shoulder dislocations in the general population has 
been reported to be between 12.3 (8) and 56.3 (9) or in men under 20 years 
of age even as high as 98.3 per 100,000 person-years (10). A shoulder 
dislocation and possibly consequent chronic shoulder instability is a 
significant and costly health issue (11). 
 
The most significant identified risk factors for a primary shoulder 
dislocation and subsequent recurrent instability episodes are male sex and 
patient age of under 30 years. Other risk factors for recurrent shoulder 
dislocations include the presence of bony lesions, mechanism of injury, 
reduction method, and post-reduction shoulder immobilization type or time, 




After a successful reduction of the dislocated shoulder, the goal of 
treatment is to restore a functional, painless, and stable shoulder with a 
maximum range of motion (ROM) (13, 14). Usually immobilization in a sling 
or a collar and cuff with shoulder in adduction and internal rotation (IR) has 
been suggested (13, 15, 16), and immobilization of the injured upper 
extremity in external rotation (ER) has not proven to be superior in reducing 
subsequent recurrent instability episodes (17-20). The clinical presentation 
of shoulder instability has a great variation after the primary shoulder 
dislocation from asymptomatic to symptoms interfering with normal daily 
activities (21). A recurrent event may never happen, but a constant feeling of 
apprehension and weakness or pain in the shoulder may decrease the 
patient’s quality of life (QoL) (22). At the other end of the spectrum, the 
patient may suffer recurrent dislocations, but consider them only a nuisance 
(13).  
 
There is evidence that only about half of the patients suffer a recurrent 
shoulder dislocation after the primary one, and it is also plausible that 
chronically unstable shoulders may stabilize over time (23). In rehabilitation 
of shoulder instability, muscle strengthening is of the utmost importance 
(24). If recurrent instability persists after a devoted structural rehabilitation 
programme (25), surgery can be considered (16). After a first-time shoulder 
dislocation, the management varies considerably by country and clinician 
(26, 27). Also, surgical stabilization with widely varying methods in patients 
with chronic post-traumatic shoulder instability is often suggested (26-29). A 
few direct meta-analyses (MAs) with mixed quality of the studies included 
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have been previously published (14, 30, 31), but all different treatment 
modalities are not evaluated in detail in a network meta-analysis (NMA). 
 
Due to the advancement and popularity of arthroscopic surgery, if surgery 
is required, an arthroscopic repair after a first-time traumatic shoulder 
dislocation and in treatment of chronic post-traumatic shoulder instability is 
performed as a primary procedure to prevent recurrent shoulder instability 
(32). The incidence of all shoulder capsular surgery procedures has increased 
markedly in the published literature, and the proportion of arthroscopic 
surgery has rapidly increased, constituting up to 92% of all shoulder capsular 
surgery procedures at the beginning of the 21st century. Published register 
data are nationally narrow or consist of only a few year-cohorts (33-40). It is 
not known whether the true population-based incidence of shoulder 
dislocations has increased to justify the increased surgery rates, but in 
general multifactorial root causes have been speculated (38, 41, 42). In 
Finland, employers are obligated to take out privately administered statutory 
workers' compensation insurance to cover their employees against 
occupational injuries and diseases. Previously, the private insurance 
companies paid an estimated tax to public health care to cover the treatment 
expenses of the insured patients. Since 1.1.2005 the pre-estimated tax was no 
longer paid, and the insurance companies started to pay for the actual 
treatment, and therefore, were also entitled to direct the patients to a self-
chosen service provider in order to minimize delays in patients’ care and 
rehabilitation. It is not known if or how the change in the reimbursement 
Introduction 
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system has impacted on shoulder capsular surgery rates in publicly and 
privately funded hospitals. 
 
Traditionally, patient outcomes have been evaluated objectively with 
radiographs, ROM, strength, and pain (43, 44), but interpretation of their 
relevance is highly subjective (43), and these outcomes indicate poorly the 
functional and psychological aspects of health (44). Shoulder dislocation may 
have short- and long-term implications for patients, even increasing 
mortality rates (45). Nevertheless, the impact of shoulder instability on 
patients’ QoL and shoulder function is poorly known (22, 46-52). 
 
In the long run, primary glenohumeral osteoarthritis (OA) has been 
considered somewhat rare (53). However, OA may develop on a dislocated 
shoulder within several years, and risk factors for the condition are as 
follows: patient’s age over 25 years at the time of first shoulder dislocation, 
high-energy mechanism of injury, and alcohol abuse (54). In a follow-up 
study, repeated dislocations prior to surgery significantly increased the 
prevalence of post-traumatic OA (55). According to the published literature, 
the role of surgery is probably not relevant to the prevalence or severity of 
glenohumeral OA, but the analysed surgical procedures have for the most 
part been non-anatomic repairs (54, 56). Post-traumatic glenohumeral OA is 
most commonly classified as mild (54-57), and the impact on patients’ 
satisfaction with overall condition and shoulder function is reported to be 




The purpose of this thesis was to evaluate the effectiveness of current 
treatments for traumatic shoulder instability. We present the first nationwide 
register analysis of the trends and distribution of shoulder capsular surgery 
procedures in Finland. We also present the long-term prevalence of 
glenohumeral OA and shoulder function after arthroscopic labrum repair 
(LR) with bioabsorbable tacks. 
Review of the literature 
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2 REVIEW OF THE LITERATURE 
2.1 SURGICAL ANATOMY AND STABILITY OF THE 
SHOULDER  
The bony shoulder comprises the proximal humerus, scapula, and clavicle. 
The shoulder is traditionally considered as the glenohumeral joint; however, 
the shoulder consists of three additional articulations (the acromioclavicular 
joint, the sternoclavicular joint, and the scapulothoracic joint), which grant 
the shoulder additional stability and ROM (58, 59). The proximal part of the 
humerus articulates with the significantly smaller, shallow, and usually 
concave glenoid cavity at the lateral side of scapula to form the glenohumeral 
joint (60). The glenoid is usually shaped as an inverted comma, concave, and 
slightly retroverted (60-62). Due to the size mismatch between the glenoid 
and the humeral head, a maximum of 30% of the articular surface of the 
humeral head articulates with the glenoid at any time during motion (62, 
63). The size divergence also predisposes the glenohumeral joint to poor 
bony stability, which makes the stability highly dependable of soft tissues 
working as cooperative stabilizers (60, 62, 63). On the other hand, in the 
absence of restricting bony structures the shoulder has the highest ROM of 
the human body (62). 
 
The glenohumeral joint capsule expands from the glenoid to the 
anatomical neck of the humerus (60). The joint capsule is covered with 
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muscles of the rotator cuff (RC) (64), and all RC muscles originate from the 
scapula and the tendons attach to the humeral head in a horseshoe-like 
pattern (58, 65). The glenohumeral joint capsule has three thick segments, 
which are called the glenohumeral ligaments (GHLs). The ligaments are 
named according to the anatomic position as superior (SGHL), middle 
(MGHL), and inferior (IGHL) (58, 61, 66, 67). The axillary pouch is localized 
between the anterior and posterior IGHL bands and has been described to 
resemble a hammock in which the humeral head lies (60, 62, 68-70).  
 
The glenoid fossa is surrounded by a labrum (71), which conjoins 
superiorly with the long head of the biceps tendon (LHBT) and provides an 
attachment site for the joint capsule, MGHL, and IGHL (61, 62, 66, 68). The 
normal glenoid labrum and three anatomic variants are presented in Figures 
1A-D. The sublabral sulcus (Figure 1B) is more common in elderly patients 
and describes a recess adjacent to the LHBT insertion site around the cranial 
glenoid rim at the medial side of the labrum. The sublabral hole (Figure 1C) 
is an anatomic detachment of the labrum and is located typically slightly 
more anteriorly from the attachment site of the LHBT. The sublabral hole is 
present in 11% of patients, but may also coexist and communicate with the 
superior sublabral recess. The Buford complex (Figure 1D) is present in 1.5-
2% of patients. As a variant, the MGHL is considerably thickened and 
attaches directly to the anterosuperior glenoid, and the anterosuperior 
labrum is absent (58, 61, 66, 67).  All three anatomic variations may be 
misdiagnosed as a detached anterosuperior labrum (58). 
Review of the literature 
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Figure 1. Schematic illustration of the normal capsulolabral complex and anatomical variations, 
which are shown on a lateral view onto the glenoid. (A) Normal anatomy; (B) Sublabral recess 
(sublabral sulcus); (C) Sublabral foramen (sublabral hole); (D) Buford complex. LHBT: Long head 
of biceps tendon; SGHL: Superior glenohumeral ligament; MGHL: Middle glenohumeral ligament; 
IGHL: Inferior glenohumeral ligament. Reproduced with permission from Redouane Kadi. Kadi et 
al. Journal of Belgian Society of Radiology 2017 (72). 
 
The anatomic structures of the shoulder maintain stability in a complex 
combination divided into static and dynamic stabilizers (73). The 
glenohumeral joint capsule is anatomically lax, restricting the wide ROM and 
stabilizing the joint only when the shoulder approaches the limit of normal 
ROM and stability (60, 62). The glenohumeral ligaments tighten when ROM 
and stability approach normal limits and apply a compression force on the 
humeral head against the glenoid, stabilizing the joint (60, 74). The labrum 
improves stability in the glenohumeral joint by increasing the glenoid socket 
depth by 50% (75), enhances congruity, creates a suction effect, and 
functions as an anti-shear bumper during shoulder motion (60, 62). A 
negative pressure inside the glenohumeral joint capsule brings relative 
stability with the suction effect of the labrum to the glenohumeral joint (60, 
76). The RC muscles assist in control of shoulder movement and play a 
relevant role in creating the concavity-compression to support the 
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glenohumeral stability (62). Through the compression mechanism, the 
muscular contraction compresses and centralizes the humeral head to the 
glenoid and increases the required force to translate the humeral head (73, 
77, 78).  
 
Proprioception is essential for joint stability and motor control. 
Mechanoreceptors in muscles, tendons, and joint capsule ligaments provide 
proprioceptive information to the static and dynamic stabilizers of the 
shoulder (79), which evoke the essential neuromuscular control to maintain 
shoulder stability and movement patterns (78, 80). 
2.2 SHOULDER INSTABILITY 
2.2.1 PATHOANATOMY AND PATHOPHYSIOLOGY 
Anterior dislocation predisposes the shoulder to various intra-articular and 
extra-articular structural damage (6, 21). During an acute anterior 
dislocation the humeral head is displaced from the glenoid socket, which 
most typically results in a lesion of the anterior labrum – the Bankart lesion 
(Figure 2A) (81). Even though the lesion has been named after Bankart, it 
was originally introduced by Perthes in 1906 (82). The anterior labral 
detachment was historically described as the essential lesion of traumatic 
shoulder instability (81). Nowadays, the essential lesion is defined more 
specifically as a Bankart lesion with avulsion of the anterior capsulolabral 
complex inferior to the equator of the glenoid (6). The lesion of the 
Review of the literature 
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capsuloligamentous complex has been described to be present almost 
without exception in patients with traumatic shoulder instability (5), and the 
role of an isolated labrum lesion in development of recurrent instability has 
been questioned (83). 
 
Other damage to the soft tissues may also occur, e.g. Perthes’ lesion 
(Figure 2C) and anterior labral periosteal sleeve avulsion (ALPSA) (Figure 
2D) are close variants of the Bankart lesion (84). In Perthes’ lesion, the 
anteroinferior labrum is incompletely detached from the glenoid, while the 
periosteum remains intact, but is retracted medially (85). By contrast, in 
ALPSA, the periosteum is intact, but the anteroinferior labroligamentous 
structures are retracted medially (84). Glenolabral articular disruption 
(GLAD) (Figure 2E) is a concomitant traumatic cartilage lesion (86),  
whereas humeral avulsion of glenohumeral ligaments (HAGL) (Figure 2F) is 





Figure 2. Classification of Bankart and Bankart variant lesions. (A) Bankart lesion, (B) Bony 
Bankart lesion, (C) Perthes’ lesion, (D) ALPSA (anterior labroligamentous periosteal sleeve 
avulsion), (E) GLAD (glenolabral articular disruption) lesion, (F) HAGL (humeral avulsion of 
glenohumeral ligaments) lesion. LLC: Anteroinferior labro-ligamentous complex; P: Scapular 
periosteum; HH: Humeral head; AC: Articular cartilage of glenoid; IGHL: Inferior glenohumeral 
ligament. Reproduced with permission from Springer-Verlag. Woertler and Waldt. Eur Radiol 
2006 (87). 
 
RC tears and anterior glenohumeral joint capsule tears are more 
representative injuries after a shoulder dislocation in patients over 4o years 
of age (73, 88), even more so than recurrent shoulder dislocations (89). In 
the ageing process, the attachment of the labrum is suggested to become 
firmer, while the anterior glenohumeral joint capsule and RC tendons 
degenerate (90). Therefore, RC muscle tendons and anterior glenohumeral 
joint capsule may tear subsequently to a shoulder dislocation episode (73), 
and the prevalence increases with advancing age and recurrent shoulder 
dislocations (73, 89, 91, 92). RC muscle tendons may also weaken in young 
Review of the literature 
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athletes due to debilitating, repetitive micro-trauma, and the impaired 
tendons may tear as a result of a shoulder dislocation (93, 94). Anterior 
glenohumeral joint capsule structures may strain irreversibly in a shoulder 
dislocation, which is clinically presented as capsular redundancy, and 
subsequently contribute to shoulder instability (60, 95, 96). Diminished 
proprioceptive function of the unstable shoulder may be caused by damage to 
the afferent nerve endings in the glenohumeral joint capsule, muscles, and 
tendons. Delayed signal production leads to impaired muscle coordination, 
which leads to loss of joint congruity, and predisposes to recurrent shoulder 
instability (60). 
 
A shoulder dislocation may also damage bony structures, typically in the 
humeral head or the glenoid either alone or together, which may predispose 
to recurrent shoulder dislocations (7). In older patients, fractures to the 
greater tubercle of the humerus or to the proximal humerus may occur (89). 
Bony defect to the glenoid occurs most typically in the anterior glenoid (i.e. 
bony Bankart) (Figure 2B) and is present in 22% of primary shoulder 
dislocations and up to 73% of recurrent shoulder dislocations (97). Usually, 
the lesions are small (<20%), and they seldom have clinical relevance (7). 
Biomedical and clinical studies have suggested that if the anterior glenoid 
bone loss covers >20% of the glenoid articular surface (i.e. “inverted pear -
glenoid”), it becomes clinically relevant (98-100). 
 
Humeral head impression fracture in the posterolateral humeral head 
(Hill-Sachs lesion) is present in up to 88% of patients after primary shoulder 
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dislocation and up to 100% of patients after recurrent anterior shoulder 
dislocations (101). However, the clinical relevance depends highly on the 
location and orientation of the lesion (7, 102, 103). A lesion with a size 
exceeding 20-30% of the articular surface of the humeral head may be a 
relevant contributor to recurrent shoulder instability (102). The location of 
the Hill-Sachs lesion has been compared with the width of the arc during 
glenohumeral joint motion between the glenoid and the humeral head, and 
the clinical relevance of the location can be elaborated with two common 
theories. According to the glenoid track concept, the location of the Hill-
Sachs lesion on the track does not have clinical significance, as during 
shoulder motion the lesion does not come into contact with the glenoid rim. 
On the other hand, if the medial margin of the Hill-Sachs lesion is located off 
the track, it is possible that during shoulder motion the anterior glenoid will 
come into contact with the lesion, resulting in a dislocation (103, 104). 
However, if the long axis of the humeral head defect is parallel to the anterior 
glenoid when the upper extremity is in functional position in abduction and 
ER, the lesion may engage the glenoid and result in a recurrent event (104). 
In the case of bipolar bone loss, which means bone loss in both the humeral 
head and the glenoid, the glenoid bone loss narrows the anatomic glenoid 
track, which increases the probability of the medial margin of the Hill-Sachs 
lesion to engage (101). 
 
A shoulder dislocation or a carelessly relocated shoulder dislocation can 
be associated with neurological and vascular complications and the incidence 
of both injuries increase with patient age (89, 105). A neurological 
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complication has a wide spectrum of different severity manifestations and is 
present in 5.4-55% of cases, whereas a vascular complication is more rare 
and is present in about 1% of cases (106, 107). Typically, the elderly 
population will sustain a brachial plexus injury (BPI) after a simple fall, 
whereas in a younger patient population BPI most typically occurs after a 
high-velocity accident (107). The most commonly injured nerve in a shoulder 
dislocation is the axillary nerve either alone or in combination with other 
nerves (105, 107, 108). The highest risk for vascular injuries is in a shoulder 
dislocation-associated fracture of the humeral head and in elderly patients 
with a pre-existing arterial disease (106). Arterial injury occurs in most cases 
with complete or diffuse BPI (107), and vice versa, in case of an axillary 
arterial injury, symptomatic neurapraxia may follow in up to 60% of cases 
(109). 
2.2.2 EPIDEMIOLOGY OF SHOULDER DISLOCATIONS 
The prevalence of traumatic anterior shoulder dislocations has been 
estimated at 1-2% over the lifetime in the general population (48, 110, 111). 
The incidence of anterior dislocations varies greatly in the literature and is 
highly dependent on the population studied, as the incidence is higher 
among military personnel and athletes than in the general population (112-
114). The overall incidence in the general population has been reported to be 
between 12.3 (8) and 56.3 (9) or in men aged under 20 years as high as 98.3 
per 100 000 person-years (10). Shoulder dislocation and potential chronic 
instability of the shoulder are significant health issues for patients and their 
treating physicians (11). 
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About 95% of first-time shoulder dislocations are due to a clear trauma 
and 5% are of atraumatic origin (2). Sports-related shoulder dislocations are 
also quite common (4). The direction of a dislocation is in up to 98% of 
incidents anterior, but rarely, in about 2% of cases, posterior luxation and in 
<1% direct inferior luxation (“luxatio erecta”) (3, 115). Prevalence of bilateral 
shoulder instability is about 16% (116). 
 
In epidemiologic studies, a male under 30 years of age has reportedly 
been at highest risk for a primary shoulder dislocation, although a smaller 
but distinct peak is also present among elderly women (10, 117, 118). Several 
risk factors have been identified to predict the probability for recurrent 
shoulder dislocations and to help clinicians plan treatment. Pooled analysis 
of mostly low-quality studies has shown that if a patient is under 30 years of 
age at the time of the first shoulder dislocation episode the risk for 
recurrence is significantly increased (11, 12), however, the evidence to 
support this is only moderate (12). Similarly, male sex has been reported as a 
relevant risk factor (11, 12), but the evidence is deemed low (12). Presence of 
glenoid or Hill-Sachs lesions, mechanism of injury, reduction method, and 
post-reduction shoulder immobilization type or time have been associated 
with somewhat increased risk for recurrent shoulder dislocations, but either 
pooled analysis has not been possible or the evidence has not reached 
statistical significance (11, 12). It has also been reported that athletes are not 
at higher risk for recurrent instability (119), but this finding has not reached 
statistical significance (11, 12). Patients with an associated greater tuberosity 
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fracture have reportedly a reduced risk for recurrence (11, 12), although the 
quality of evidence is considered low (12). 
2.2.3 CLASSIFICATION OF SHOULDER INSTABILITY 
Anatomically, a shoulder dislocation indicates a complete separation of the 
humeral head from the glenoid, whereas a subluxation is translation beyond 
normal limits with some contact maintained between the humeral head and 
the glenoid. The dissociation of dislocation is present in radiographs or 
requires a manual closed reduction, whereas in the case of a subluxation, a 
reduction manoeuvre is not required and radiographs are normal (120). 
 
The classification of shoulder instability for clinical use should be simple 
and easy to use (77, 121), with good content validity and high intra-observer 
and inter-observer agreement (121). The literature provides numerous 
definitions and classifications for shoulder instability (77, 121). The 
heterogenic use of definitions and classifications can make comparison of 
different treatment methods difficult or even impossible (121) and has led to 
misdiagnosed patients and poor agreement between physicians (122, 123). 
Simplistically, a patient can experience “discomfort and a feeling of 
looseness, slipping, or the shoulder ‘going out' to meet the definition of 
instability” (121). 
2.2.4 CLINICAL PRESENTATION OF SHOULDER INSTABILITY 
The initial reason for the patient with shoulder instability to seek medical 
council is generally fear of shoulder dislocation when the upper extremity is 
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used. But mere pain in the shoulder can be a sign of shoulder instability, 
especially in patients under 40 years of age (77, 124).  The majority of all 
shoulder instability events are subluxations, and frank dislocations are more 
rare (113, 125, 126). After a first-time shoulder dislocation, the clinical 
presentation has a great variation from asymptomatic to symptoms 
exclusively in a particular at-risk position to interfering with normal daily 
activities (21). If after the primary incident the injured structures heal in a 
way that the shoulder remains functionally stable, it can be assumed that the 
disease ends at that point. However, in the case of improper healing, the 
dynamic stabilizers are inadequate to maintain shoulder stability, and hence, 
a recurrent event can be expected (127). Alternatively, a recurrent event may 
never happen, but there is a constant feeling of apprehension, weakness, or 
pain in the shoulder, which decreases the patient’s QoL (22). The patient may 
also develop kinesiophobia, which may become an insurmountable obstacle 
to engaging in the event during which the primary dislocation occurred or 
circumstances similar to it (128). On the other hand, the patient may suffer 
recurrent dislocations, but consider them only a nuisance (13). 
2.2.4.1 Asymptomatic shoulder hyperlaxity 
Symptomatic instability is paramount for the diagnosis of shoulder 
instability, otherwise, the condition should be referred to as merely 
asymptomatic shoulder hyperlaxity (60, 121), which does not require further 
investigation or treatment (129, 130). Shoulder hyperlaxity is mostly 
congenital without a systemic disease or collagen-tissue disorder, but it can 
also be acquired (131). In the acquired condition, hyperlaxity is due to 
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repeated minor injuries (micro-traumas) or repetitive use during training or 
overhead work, which stretch normal capsuloligamentous structures (21). 
Acquired hyperlaxity is commonly unilateral, while other joints do not 
present hyperlaxity (2, 6, 16, 21). There is enormous variation in the range of 
normal shoulder laxity, and even asymmetry of humeral translation on the 
glenoid between the patient’s shoulders does not automatically indicate 
shoulder instability. Even the ability to asymptomatically subluxate a 
shoulder over the glenoid rim has been considered a normal variant (121, 
132). Humeral translation on the glenoid is required for normal ROM, thus, 
translation can be anywhere between slight and substantial in normal, 
symptomless subjects similarly to patients suffering from shoulder instability 
(133, 134).  
2.2.4.2 Atraumatic shoulder instability 
Congenital hyperlaxity may predispose to development of atraumatic 
instability (25), or the instability can be acquired atraumatically (21). The 
condition can be unidirectional or present instability in two or more 
directions. If symptoms are present in two or more directions, the condition 
is generally referred to as multidirectional instability (MDI) (25, 131). If the 
condition is due to congenital hyperlaxity, it is often bilateral (135). Acquired 
instability is mostly due to (repetitive) microtrauma, (rarely) an acute (or 
multiple) major trauma, or a combination of these. An atraumatic event may 
occur when a patient is moving the extremity or while asleep (2). 
Characteristically, patients with atraumatic shoulder instability experience 
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subluxations rather than dislocations, and the structural lesions of traumatic 
shoulder dislocation are more generally absent (6, 21). 
2.2.4.3 Post-traumatic shoulder instability 
In case of traumatic shoulder dislocation, the patient typically describes a 
direct blow onto an abducted, externally rotated, and outstretched arm (6, 15, 
16, 63, 136), but in the elderly population a shoulder dislocation is typically 
due to a low-energy fall (6, 137). After a clear traumatic shoulder dislocation, 
patients experience usually unilateral and unidirectional recurrent 
dislocations or subluxations due to a structural weakness provoked by the 
injury to the capsulolabral complex (21).  
2.2.5 DIAGNOSIS OF SHOULDER INSTABILITY 
2.2.5.1 Patient history and clinical examination 
For the diagnosis of shoulder instability, a detailed clinical history and a full 
examination are critical (6, 16, 138). The patient should be asked to describe 
the primary shoulder dislocation, and in case of traumatic origin, to provide 
as specific a description about the event as possible. The patient’s age at the 
time of the first dislocation, the duration of symptoms, and the direction and 
number of dislocations before seeking help are also considered relevant 
information (16, 138). The ability to volitionally dislocate the shoulder (i.e. 
“party trick”) must be identified (139). 
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For the physical examination, the patient’s upper body should be 
undressed. The posture of the patient, asymmetry of the shoulders, and 
atrophy of the deltoid or RC muscles must be assessed. The index shoulder is 
inspected and palpated, and the findings should always be compared with the 
contralateral shoulder (6, 16, 77, 138, 140). ROM is tested and reported in 
degrees actively and passively. Strength, pain, and weakness are tested in 
abduction, ER and IR, and in RC muscles separately. Presence of generalized 
hyperlaxity (e.g. hypermobile patella or hyperextension of elbows and 
metacarpophalangeal joints, and ability to reach the ipsilateral forearm with 
the abducted thumb) must be assessed (138).  
 
An array of clinical tests is available for assessment of the shoulder. The 
tests are mainly poorly repeatable, as according to a recent Cochrane 
analysis, only six test-diagnosis combinations were interpreted similarly in 
two different publications and no combinations were interpreted similarly in 
another three publications  (141). For assessing shoulder instability, only a 
few tests have shown good utility. Due to the lack of evidence regarding 
reproducibility of clinical tests to assess shoulder instability, a combination 
of tests should be used for detecting various pathologies (142). 
 
 Anterior shoulder instability can be evaluated with apprehension, 
relocation, and surprise tests (143-145), which have shown good clinical 
utility and high sensitivity and specificity in a pooled analysis (142).  An 
apprehension test is performed with the examined extremity in 90 
abduction and maximal ER. If the patient experiences apprehension (i.e. 
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subjective feeling of the shoulder dislocating) after a gentle anteriorly 
directed force, the test is positive. A relocation test is performed after a 
positive apprehension test. If at the point of apprehension, a posteriorly 
directed force relieves the feeling, the relocation test is positive. In the 
surprise test, the patient lies supine with the examined extremity in 90 
abduction. The extremity is externally rotated and simultaneously a posterior 
gentle force is applied. If the posterior force is suddenly removed and the 
patient experiences pain and apprehension, the test can be regarded as 
positive (16, 138). 
2.2.5.2 Radiographic evaluation 
Diagnostic imaging is used to support clinical findings from the examination 
and to better demonstrate the pathoanatomy of the shoulder dysfunction 
(146). Pre-reduction radiographs are recommended in all first-time shoulder 
dislocations, in patients over 40 years old, and in shoulder dislocations 
following high-energy trauma (15) before any attempt at manipulation and 
reduction is made (147), to confirm the dislocation and the presence of any 
associated fractures (6, 15). Post-reduction radiographs are recommended 
both to ensure successful reduction and to confirm that no fracture has been 
caused by the relocation or missed in pre-reduction radiographs (6, 15, 148). 
 
Magnetic resonance imaging techniques are commonly used when 
evaluating intra- and extra-articular soft tissue pathology in shoulder 
instability. MR arthrography (MRA) is superior to conventional MR imaging 
(MRI) in evaluation of glenohumeral joint lesions (146). However, computed 
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tomography (CT) is still the preferred method, providing very good 
agreement among users in identifying the size, location, and type (fracture or 
erosion) of glenoid defects associated with anterior shoulder instability (77, 
149-151). 
2.2.6 SHOULDER FUNCTION ASSESSMENT 
Traditionally, patient outcomes have been evaluated objectively with 
radiographs, ROM, strength, and pain (43, 44), but these outcomes and their 
significance are highly dependent on the way of measuring and interpreting 
the results (43). Moreover, these outcomes indicate poorly the functional and 
psychological aspects of health (44). Also, generic instruments respond 
poorly when evaluating function or QoL after a certain treatment (e.g. 
shoulder instability repair). Specific instruments have been developed to 
assess a condition (e.g. shoulder instability), a region of the body (e.g. upper 
extremity), or a function (e.g. shoulder) -dependent outcome (44). 
 
Numerous tools are available to assess patients with shoulder problems 
(152, 153), but it is crucial to comprehensively evaluate the condition, 
disability, and recovery with an appropriate set of generic health instruments 
and subjectively and objectively scored measurement tools (43, 154, 155). 
2.2.6.1 Shoulder scores 
Oxford Shoulder Instability Score (OSIS) (156), Rowe score (157),  and 
Western Ontario Shoulder Instability Index (WOSI) (110) are popularly used 
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shoulder instability specific measurement tools. According to a systematic 
review (SR) of shoulder-specific outcome measures (153), highest reliability, 
validity, and responsiveness with shoulder disorders was rated in American 
Shoulder and Elbow Surgery Standardized Shoulder Assessment Form 
(ASES) (158), Simple Shoulder Test (SST) (159), and Oxford Shoulder Score 
(OSS) (160), but Shoulder Pain And Disability Index (SPADI) also showed 
acceptable properties (161). Additionally, Constant Score (162), Disabilities of 
the Arm, Shoulder and Hand (DASH) (163), and University of California Los 
Angeles Shoulder Rating Scale (UCLA) (164) are widely used in assessment 
of shoulder disability (110, 152, 155, 165). Shoulder instability-specific 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.2.7 TREATMENT OF TRAUMATIC SHOULDER INSTABILITY 
The goal of treatment after a traumatic shoulder dislocation is to restore a 
functional, painless, and stable shoulder with maximum ROM (13, 14). 
Patient’s age, occupation, activity level, ligamentous laxity, general health, 
and cooperation should all be taken into account and thoroughly discussed 
with the patient when the optimal treatment approach is chosen (14, 168). 
 
When a patient seeks help for management of a musculoskeletal 
condition, surgery is reported to be performed more often if the treating 
physician is a surgeon versus a non-surgical specialty (169), and if the 
evidence for the effectiveness of surgery is unclear the surgeons more 
regularly recommend surgical treatment (28). 
2.2.7.1 Acute shoulder dislocation and reduction 
When a shoulder dislocates, the reduction should be performed without 
delay either on the field or in the emergency department for the easiest 
reduction and minimization of the risk for neurovascular injuries (13). Also, 
the longer the delay, the more difficult and painful the reduction is for the 
patient (170). Adequate analgesia and relaxation of the patient will more 
likely lead to a successful reduction (13, 15). According to a recent Cochrane 
analysis, intra-articular block results in a comparable success rate and 
analgesia as intravenous sedation and could be preferred (171).  
 
Many successful reduction techniques have been reviewed (13, 15), and it 
has been suggested that the reduction technique chosen should depend on 
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the patient’s preference and the clinician’s familiarity with each technique 
(13). The relocation techniques can be divided into two major groups: 
leverage (e.g. Kocher’s (172) and Milch’s (173) methods) and traction (e.g. 
Hippocrates, Stimson (174), or scapular manipulation techniques (175)) (15).  
 
Rarely, an acute traumatic shoulder dislocation is irreducible and requires 
open reduction. This typically concerns male patients in their fourth decade 
and is due to a structural obstacle such as soft tissue entrapment, glenoid or 
greater tuberosity fractures, or a large Hill-Sachs lesion (176). 
2.2.7.2 Non-surgical management of shoulder instability 
Muscle strengthening is the primary focus in rehabilitation of shoulder 
instability (24). The evidence of successful non-surgical management (NSM) 
as a structured rehabilitation programme in treatment of a first-time 
shoulder dislocation is limited and relatively old (177). Promising results of 
rehabilitation are mainly shown only in treatment of patients with 
atraumatic shoulder instability (3, 178, 179), but evidence of the effectiveness 
is of very low quality (180). Pooled analysis of structured programmes has 
been impossible in treatment after primary shoulder dislocation due to the 
poorly reported nature, duration, and structure of the protocols (136). 
Typically, the patient is instructed to engage in gradually progressive 
exercises with the goal of full strength and ROM (13, 22, 168, 181). If the 
patient suffers from recurrent shoulder dislocations or symptomatic shoulder 
instability despite appropriately performed physiotherapy for at least six 
months (25), surgery can be considered (16). Patients with signs of 
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hyperlaxity should primarily be treated non-surgically, even with additional 
structural damage (77). In the case of volitional instability, surgery should be 
contraindicated (182, 183). Surgical management of shoulder instability in 
the patient population with psychological or secondary gain issues may result 
in high rates of recurrence (121, 138). 
 
There is ongoing debate about the optimal management of patients 
sustaining primary shoulder dislocation (26, 27). After a successful reduction 
of the shoulder, the affected extremity should be immobilized to heal injured 
soft tissues. Usually, immobilization in a sling or a collar and cuff with 
shoulder in adduction and IR has been suggested (13, 15, 16), but arm 
position in ER has been reasoned to provide a better position for the torn 
labrum against the glenoid in imaging studies (184, 185). Optimal duration of 
immobilization of three to four weeks is suggested (13), however, 
immobilization in IR after a primary shoulder dislocation for over one week 
has not reduced recurrent instability episodes (186, 187). According to 
pooled analyses of randomized controlled trials (RCTs), arm position in ER 
has not proven superior to conventional immobilization in IR in reducing 
recurrent instability episodes after the primary shoulder dislocation (17-19). 
2.2.7.3 Surgical treatment of shoulder instability 
After a first-time shoulder dislocation, the opinion on preferable treatment 
strategy varies considerably (26, 27). It has been suggested that surgical 
treatment should be performed already after the primary shoulder 
dislocation because young men, especially those involved with sports, are at 
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significant risk of recurrent dislocation (14, 30, 188). The surgical procedure 
of choice can be performed as an open or arthroscopic procedure, and repair 
of the lesion(s) as an anatomic (i.e. capsulolabral repair) or non-anatomic 
(i.e. bone block) procedure, depending on the severity of the soft tissue 
lesions and the degree of bone loss (32). If an anatomic repair is performed, 
it is generally referred as a Bankart repair as a historical tribute. 
 
Due to the advancement and popularity of arthroscopic surgery, if surgery 
is required, an arthroscopic LR is usually performed after a first-time 
shoulder dislocation and in treatment of chronic post-traumatic shoulder 
instability to prevent subsequent shoulder instability episodes (32). The LR 
aims to restore the normal anatomy by reattaching the torn, anterior 
capsulolabral complex to the glenoid neck (189). The surgical techniques of 
open and arthroscopic LR have evolved significantly since their introduction, 
but most importantly, the fixation method of the labrum to the glenoid has 
changed from silk sutures used by Bankart (81) to stapling (190), transosseus 
sutures (191, 192), metallic rivets (193), transglenoid tacks (194), and most 
recently, suture anchors (195-197). The most distinct difference between the 
open and arthroscopic methods is that, if the open method is used, the 
subscapularis muscle tendon must be incised to access the glenohumeral 
joint capsule. 
 
The fixation materials can be divided into absorbable and non-absorbable 
categories. Non-absorbable implants provide a definite fixation to enable the 
repaired tissue to heal, whereas absorbable implants provide intuitively 
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fixation for the limited period in which the healing is anticipated to occur 
(198). The degradation time in which an absorbable implant is broken down 
and excreted is dependent on the implant material (199). High recurrence 
rates have been associated with earlier methods of fixation and implant 
materials (200, 201), however, according to a recent MA, the fixation method 
may not have had a relevant impact on recurrence rates even with the older 
techniques (200). Also according to published RCTs, the recurrence rates are 
similar with absorbable and non-absorbable implant types (198, 199, 202). 
Probably more important factors for successful treatment are identification 
and understanding of the relevance and treatment of the concomitant 
pathology (32) and accurate placement of implants (203). No consensus has 
been reached on an adequate number of suture anchors, but generally at 
least three anchors are used to ensure fewer recurrent instability episodes 
(32, 189, 204). 
 
The evidence of effectiveness of surgery after the primary traumatic 
shoulder dislocation has been studied in several RCTs with inconsistent 
conclusions (22, 48, 50, 181, 205, 206). Some authors have suggested that 
due to a high risk for a young athlete to suffer a recurrent event surgical 
intervention should be performed already after the first-time traumatic 
shoulder dislocation (14, 30, 188). LR after the primary dislocation has also 
been reasoned to reduce treatment costs (50, 207). Surgery (open and 
arthroscopic LR) has been favoured over NSM in terms of fewer recurrent 
instability episodes in published MAs (14, 30, 31), but the analyses have 
included retrospective cohorts, quasi-RCTs, and unpublished studies. 
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Currently, there are no NMAs that have assessed different surgical 
interventions (LR and arthroscopic lavage, AL) and NSM in the same setting. 
In general, it is unknown whether it is reasonable to perform a stabilization 
procedure already after the primary traumatic shoulder dislocation. In 
treatment of chronic post-traumatic shoulder instability, effectiveness (i.e. 
recurrent dislocation rate) has been reported to be either similar with open 
and arthroscopic fixation methods (31, 200, 208-213) or lower in favour of 
the open fixation method in MAs, including several studies of a low level of 
quality (214-216). Currently, there are no RCTs that compare the 
effectiveness of surgery versus non-surgical interventions in treatment of 
chronic post-traumatic shoulder instability, and therefore, the optimal 
treatment strategy remains obscure. The absorbability of implants and suture 
materials have been studied in RCTs in treatment of chronic post-traumatic 
shoulder instability, and no significant difference in any outcome between 
materials has been observed (198, 199, 217, 218). 
 
Concomitant lesions in soft tissues or in bony structures can be present 
already after the primary shoulder dislocation, but the occurrence increases 
with recurrent events (219, 220). Mostly, the concomitant lesions can be 
treated arthroscopically, but depending on the surgeon’s experience and the 
extent of pathology, open surgery may be required (32). If a Hill-Sachs 
lesion, which is deemed clinically relevant, is present, it can be filled with 
bone allograft (221) or covered with soft tissue by a method known as 
remplissage (222). It has been suggested that glenoid bone loss of over 20% 
indicates an open coracoid transfer (197), which can be combined with a 
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humeral side procedure (bone graft or remplissage) if the Hill-Sachs lesion is 
in a risk area (223). 
 
An open coracoid transfer (i.e. the Latarjet technique), a bone block 
procedure, was developed to treat shoulder instability in 1954 (224), and it 
was later learned that the procedure can effectively treat patients with 
significant bone loss. Nowadays, the most significant indication for a Latarjet 
procedure is anterior glenoid bone loss (225), but it can also be used if a 
patient presents with bipolar bony defect (223).  The procedure has several 
modifications, but in general, osteotomy of the coracoid is performed, and 
the bone block is attached with screws with its long axis perpendicular to the 
anterior glenoid. The bone block increases the diameter of the injured 
anterior glenoid, and the muscles attached to the coracoid (i.e. conjoined 
tendon) create a sling to strengthen the anterior capsule in abduction and ER 
(224, 226), and provide blood supply to the bone transfer (197). The Latarjet 
operation can also be performed arthroscopically (227), but the technique 
has a steep learning curve (228, 229), and therefore, the open method is 
more widely in use. The Latarjet technique is rarely required and nowadays 
seldom in use after the primary shoulder dislocation (220), but in treatment 
of chronic post-traumatic shoulder instability, the recurrence rate is lower 
than with anatomic LR (230, 231). 
 
Recurrent instability may persist after a primary surgical intervention if 
glenohumeral bone deficiency has not been recognized or treated (104) or if 
the patient has ligamentous hyperlaxity (203). Also male sex, patient’s age of 
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under 20 years, incidence of bilateral dislocations, Caucasian race, and 
increased number of closed reductions before the primary operative 
procedure have shown a higher risk for failure (i.e. recurrent shoulder 
instability) of the stabilization procedure (232),  especially if arthroscopic 
fixation methods are used. Balg and Boileau developed an Instability Severity 
Index Score (ISIS), which aims to identify patients who would benefit from a 
primary bone block procedure (233). The pre-operative use of the score has 
proven to be valuable in recent publications (234-236). 
 
The revision shoulder instability surgery can be performed as open or 
arthroscopic LR or Latarjet repair. Revision arthroscopic LR was compared 
with revision open LR in an SR of follow-up studies, and the outcome results 
were similar (237). Generally, revision arthroscopic LR has shown good to 
excellent results in carefully selected patients, but there is a limited evidence 
of its effectiveness (238). The recurrence rate after a revision Latarjet 
procedure has been evaluated seldom, but in general the recurrence rate in 
retrospective follow-up studies has been considered acceptable and similar to 
that with arthroscopic LR (230, 239, 240). 
2.2.7.4 Surgical trends 
The current trend is to perform shoulder stabilization surgery 
arthroscopically, and the proportion has rapidly increased up to 92% during 
the beginning of the 21st century (34-40), even though the increase in 
popularity is not supported by scientific evidence (211, 213, 215, 241). To 
explain the popularity of arthroscopic procedures, the following have been 
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suggested: surgical trends (38), improved imaging technologies (41), 
financial motivation (38), and patients’ anticipation of a superior outcome 
with arthroscopic procedures (42). At the same time as arthroscopic 
procedures, anatomic repair methods have gained immense popularity, the 
incidence of open anatomic repair has decreased, and the incidence of non-
anatomic (i.e. Latarjet) procedures has increased (34, 36, 39, 40, 242). The 
trend of shoulder capsular surgery procedures or the distribution between 
publicly and privately funded hospitals has not been studied and reported in 
Finland. 
2.2.7.5 Adverse effects 
Complications are present in surgery of any kind (243). However, 
complications related to surgery are underreported and difficult to evaluate 
since the term complication itself may have various definitions (244, 245). In 
the published literature, adverse effects have been weakly and 
heterogeneously reported, which has made pooled analyses impossible (208, 
246). 
 
Overall complication rates related to arthroscopic shoulder surgery range 
between 4.6% and 10.6% (247),  but the risk of serious harms (e.g. mortality, 
septic shock, deep infection, deep vein thrombosis) following mixed 
arthroscopic shoulder procedures is low, as according to two registry studies 
the complication rate of serious harms was 0.55% in 2006-2011 (248, 249). 
The complication rates between arthroscopic and open LR have also been 
reported to be similar (201). The complication profile after NSM of a primary 
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shoulder dislocation in the published RCTs consists mostly of transient 
shoulder pain and rigidity in 1-10% of cases (46, 47, 181, 250), but also 
adhesive capsulitis (2%) (50) and axillary rash (8%) (251) has been reported 
to occur. 
 
Coracoid transfer techniques have been described to have a high 
complication rate of up to 30% (252), which exceeds that with anatomic 
repair methods (253). The complications are mostly related to hardware 
failure (e.g. screw migration, misplacing, loosening, and breakage) or the 
graft used (e.g. non-union, fibrous union, osteolysis, graft fracture, graft 
migration) (252, 254). The complication rates between open and 
arthroscopic coracoid transfer techniques have been reported to be similar in 
an SR of mostly prospective cohorts (254). 
 
Metallic non-absorbable fixation materials are no longer widely in use due 
to the risk of loosening, migration, and chondral damage (255-257). 
Bioabsorbable fixation materials can, on the other hand, cause foreign body 
reactions, osteolysis, synovitis, chondrolysis, migration, and implant failures 
(258-261), but the overall complication rate is considered low (258). 
2.2.8 LONG-TERM RESULTS AND SEQUELAE  
Shoulder dislocation may have short- and long-term implications, including 
increased mortality rates, for patients (45). Recurrent shoulder instability 
has been speculated to cause occupational limitations, socioeconomic 
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impacts, increased medical costs, potential loss of income, and a decrease in 
general QoL (126, 262, 263). 
 
Shoulder instability-related shoulder function has been rarely studied (22, 
46-52), and, if studied, baseline scores have seldom been reported (49, 52). 
Only in one RCT was a clinically relevant improvement in instability-related 
shoulder function (WOSI) reported at two years in favour of surgical 
intervention after primary shoulder dislocation (22). In addition, a statistical 
but not clinical difference was reported in two other RCTs (46, 50). However, 
mostly no statistical difference between groups in WOSI scores was observed 
after a first-time shoulder dislocation or recurrent shoulder instability (47, 
49, 51, 52). Shoulder function assessment has generally been 
heterogeneously studied with different questionnaires and clinical 
assessment methods in the published RCTs (22, 46-52, 181, 198, 199, 205, 
206, 217, 218, 250, 251, 264-271). Due to this heterogeneity, a pooled 
analysis has been performed only on Rowe score with mixed findings (209, 
210, 246). 
 
Primary glenohumeral OA has been considered somewhat rare (53). 
However, glenohumeral OA may progress to a dislocated shoulder within 
several years, and the risk factors proposed for the condition are patient’s age 
of over 25 years at the time of first shoulder dislocation, high-energy 
mechanism of injury, and alcohol abuse (54). The risk of severe OA may be as 
high as 10- to 20-fold among patients who have dislocated their shoulders 
compared with those who have not (272). Repeated shoulder dislocations 
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prior to surgical intervention may increase the prevalence of glenohumeral 
OA (55). The role of surgery or the technique used is probably not relevant to 
the prevalence or severity of glenohumeral OA (54, 56), although the OA has 
been speculated to have some relationship in poorly or misplaced suture 
anchors with the arthroscopic technique (244). According to the literature, 
the glenohumeral OA is most commonly classified as mild, but the published 
literature also includes non-anatomical repairs (54), with no special focus on 
arthroscopic labrum fixation techniques. The role of arthroscopic fixation of 
traumatic shoulder instability in glenohumeral OA or shoulder function is 
unknown. 
2.3 CHANGE OF REIMBURSEMENT SYSTEM IN 
OCCUPATIONAL AND TRAFFIC INSURANCE IN 
FINLAND 
In Finland, employers are obligated to take out statutory workers' 
compensation insurance to cover their employees against occupational 
injuries and diseases. The statutory workers’ compensation insurance is 
administered by private accident insurance companies. Previously, the 
insurance companies paid an estimated tax of 50,000,000 € from workers’ 
compensation insurance to the public health care system to cover the 
expenses due to patients’ treatment, and the patients were mainly referred to 




A significant change in the reimbursement system of the Finnish 
occupational and traffic insurance health care system occurred in 1.1.2005. 
Since 2005, the pre-estimated tax was no longer paid, and insurance 
companies started to pay the actual costs of treatment. The insurance 
companies were also entitled to direct the patients to a self-chosen service 
provider in order to minimize delays in patients’ care and rehabilitation.  
 
Generally, in private hospitals in Finland, the surgeons’ salary correlates 
with the number of performed surgical procedures, whereas in public 
hospitals the surgeons receive a fixed salary. The ease of billing has been 
considered to be partly responsible for the rising incidence of certain surgical 
procedures (38, 273, 274), and financial incentives might also be partly 
responsible for increased surgery rates in private hospitals in Finland (275). 
It has been speculated that while insurance companies reimburse certain 
procedures only if performed due to traumatic origin of injury, the 
overestimation of lesions interpreted to be of traumatic origin may also lead 
to increased incidence of procedures (276, 277). As the incidents leading to 
shoulder capsular surgery are often of traumatic origin, but the treatment is 
rarely urgent, the policy change may have directed those patients not 
requiring emergency treatment to private hospitals. 
 
This natural experiment may have had an impact on the distribution of 
shoulder capsular surgery interventions between publicly and privately 
funded hospitals since only in privately funded hospitals is there a clear 
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3 AIMS OF THE STUDY 
The purpose of this thesis was to evaluate the evidence, the surgical trends, 
and the long-term effects of treatment of traumatic shoulder instability. The 
following specific points were addressed: 
 
1) To systematically evaluate the quality of evidence in treatment of a 
first-time traumatic shoulder dislocation and chronic post-traumatic 
shoulder instability with a meta-analysis and a network meta-analysis 
(I). 
2) To investigate the incidence rates of shoulder capsular surgery 
procedures in Finland between 1999 and 2008 and to determine the 
differences in procedure incidences by geographical location and the 
changes in incidence by different age groups (II). 
3) To evaluate the trends in incidence of shoulder capsular surgery in 
Finland after the change in the reimbursement system in 2005 
between publicly and privately funded hospitals. A secondary aim was 
to determine whether there was variation in the procedure incidences 
between different age groups (III). 
4) To assess long-term prevalence of glenohumeral OA and shoulder 





4.1 SYSTEMATIC REVIEW AND NETWORK META-
ANALYSIS (I) 
MA is a statistical method to quantitatively synthesize clinically 
homogeneous studies from an SR; however, it can only be used to compare 
two interventions evaluated directly in a head-to-head trial at one time 
(direct evidence). NMA is a relatively new and more advanced method that 
enables analysis of multiple treatments in a single analysis using both direct 
and indirect evidence. Indirect evidence is obtained for different treatment 
modalities through one or more common comparators (278). 
Our SR was constructed by following the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guideline (279). The study 
was registered in an international prospective register of SRs (PROSPERO) 
(registration ID: CRD42015020303). We used the term ‘dislocation’ to refer 
to a true dislocation of the shoulder, and dislocations, subluxations, or other 
symptoms of shoulder instability either alone or together are referred to as 
‘symptomatic instability’. Both ‘recurrent dislocation(s)’ and 
‘redislocation(s)’ are used to indicate one or more dislocations after the 
primary shoulder dislocation, and chronic post-traumatic instability 
indicates dislocation(s), subluxation(s), and other symptoms of instability 
after the primary shoulder dislocation. 
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4.1.1 DATA SOURCES AND SEARCHES 
We conducted our final update of the systematic literature search on 15 
January 2018 in the following databases: Ovid MEDLINE®, Cochrane 
Central Register of Controlled Trials, Cochrane Database of Systematic 
Reviews, Embase, Scopus, CINAHL, Ovid MEDLINE® Epub Ahead of Print, 
In-Process & Other Non-Indexed Citations, Ovid MEDLINE® Daily, 
Database of Abstracts of Reviews of Effect (DARE), Health Technology 
Assessment Database, NHS Economic Evaluation Database, and Web of 
Science. We adjusted the search strategies to meet specific requirements of 
individual databases. Additional possibly relevant publications or earlier 
reviews that were missed in the electronic systematic search were screened 
from the reference lists of the included studies. From the International 
Clinical Trial Registry Platform (ICTRP) maintained by the World Health 
Organization (WHO), we sought registrations of ongoing and possibly 
completed but unpublished studies on 23 January 2018. 
4.1.2 STUDY SELECTION 
We included only RCTs in the SR. We aimed to study the whole continuum of 
shoulder instability, and therefore, we accepted all treatment comparisons 
after a first-time traumatic shoulder dislocation or chronic post-traumatic 
shoulder instability with a follow-up of at least one year and an outcome 
measure related to shoulder instability, shoulder function, or patient’s QoL. 
Studies on atraumatic shoulder instability, cadaveric or biomechanical 
studies, and studies on secondary shoulder instability (e.g. neurological 
conditions, syndromes, or congenital conditions), conference abstracts, and 
Methods 
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publications with no available source data were excluded. Two investigators 
independently assessed all identified publications for eligibility and resolved 
any disagreements by consensus. 
4.1.3 DATA EXTRACTION AND RISK OF BIAS ASSESSMENT 
We categorized the publications included according to the two clinical 
scenarios under review (first-time traumatic shoulder dislocation and 
chronic post-traumatic shoulder instability). We extracted the outcome data 
for all follow-up assessments in these studies. For the analysis on first-time 
shoulder dislocation, we used redislocation data from one-year and two-year 
follow-ups, as defined in the individual studies. We extracted the data from 
figures and survival-rate graphs if numeric outcome data were unavailable. 
 
In addition to the outcome measures, we extracted trial registry 
identifiers, study objectives, inclusion and exclusion criteria, number of 
patients allocated to intervention and control groups, follow-up time, sex 
distribution, mean age, proportion of sports injuries, indications for surgery, 
treatments for the intervention and control groups, associated soft tissue and 
bony injuries, pre-specified and reported harms, sample size estimations, 
study sponsorships, and conflict of interest (COI) statements from the 
studies. We sent emails to authors of potentially eligible conference 
abstracts, publications with no available source data, and unpublished trials 
and inquired about the status of the trial and requested data to be included in 
the MAs.  
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 For the risk of bias assessment, we extracted the method of 
randomization and randomization sequence generation, allocation 
concealment, degrees of blinding, loss to follow-up, intention-to-treat (ITT) 
analysis, selective reporting, similarity of patient groups, co-interventions, 
compliance, and timing of the outcome assessment. Two reviewers 
independently extracted all data to a customized worksheet. 
 
Two reviewers independently assessed the risk of bias among the studies 
included according to the guidelines of the Cochrane Back Review Group. 
The risk of bias assessment has 12 independent criteria, each with a 
judgement of ‘yes’, ’unclear’, or ’no’. We considered the risk of bias in the 
publications as low if at least six of the 12 criteria were judged to be at low 
risk of bias (‘yes’) (280). 
 
We compared the outcome measures specified in the methods section of 
the publication and in the trial registry (if available) with those reported in 
the results section of the publication to evaluate potential selective outcome 
reporting. For an acceptable range in the analysis of the timing of the 
outcome assessment, we permitted a deviation of three months (in a two-
year follow-up). If the two reviewers encountered disagreements on the 
retrieved data, they were resolved by consensus. For unclear items, we 




Researcher COI and industrial sponsorship have been identified as 
potential sources of bias (281-283), which were assessed and considered in 
the studies. 
4.2 PATIENTS (II, III, IV) 
Studies II and III were performed on the whole population of Finland, 
excluding the Åland islands. Health care on the Åland islands is partly 
organized in Sweden, which was the reason for the exclusion. The population 
of Finland was 5,150,000 in 1999, increasing to 5,300,000 at the end of the 
study period in 2008. We gathered the annual populations in predetermined 
age groups (<20, 21–30, 31–40, 41–50, 51–60, and >61 years) and in 
university hospital districts from the Official Statistics Finland (284). Finland 
is geographically divided into five university hospital districts: Helsinki, 
Tampere, Kuopio, Oulu, and Turku. The population in the university hospital 
districts in 2008 varied between 691,000 and 1,810,000. 
 
We identified and included shoulder capsular surgery patients operated 
on for all kinds of shoulder instability or after a shoulder dislocation in public 
and private hospitals in Finland during a 10-year period between 1 January 
1999 and 31 December 2008 from the Finnish Hospital Discharge Register 
(FHDR) and from the reimbursement register of the Social Insurance 
Institution.  To secure the most accurate number of performed shoulder cap-
sular surgery procedures, we included any of the International Classification 
of Diseases, Tenth Edition (ICD-10) diagnoses and primary Nordic Medico-
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Statistical Committee (NOMESCO) procedure code combinations presented 
in Tables 2 and 3, respectively. The use of NOMESCO procedure codes is 
dependent on the translation, and unfortunately, the translations are not 
implicit. Therefore, a procedure code may be in use for different procedures 
in different countries. According to the Finnish translation, it is not possible 
to distinguish whether a specific part of the labrum is operated on, and 
therefore, the meticulous use of the procedure codes varies also in Finland 
among individual institutions and surgeons. 
Table 2. Relevant ICD-10 codes and explanations according to the Finnish translation. Clinical 
problem (reason for shoulder capsular surgery) arises from the combination of ICD-10 code and 
surgical procedure code (NOMESCO). 
ICD-10 
code 
Translation from Finnish 
to English 
Direct English version of 
the ICD code 
Clinical problem among 
patients with shoulder 
capsular surgery 
S42.1 Fracture of scapula (bony 
labrum lesion) 
Fracture of scapula Instability due to bony 
labrum lesion 
S43.0 Dislocation of shoulder joint Dislocation of shoulder 
joint 
Dislocation of shoulder joint 
M24.2 Disorder of ligament Disorder of ligament Dysfunction of ligament in 
shoulder capsular complex 
M24.4 Recurrent dislocation or 
subluxation of joint 
Recurrent dislocation and 
subluxation of joint 
Recurrent dislocation or 
subluxation of joint 
S43.4* Sprain or strain of shoulder 
joint 
Sprain and strain of 
shoulder joint 
Instability or SLAP of the 
shoulder after shoulder 
sprain 
S43.7* Sprain or strain of other or 
unspecified parts of the 
shoulder girdle 
Sprain and strain of other 
and unspecified parts of 
shoulder girdle 
Instability or SLAP of the 
shoulder after shoulder 
sprain 
 
ICD-10: International Classification of Diseases, Tenth Edition; SLAP: Superior Labrum Anterior 
to Posterior; NOMESCO: Nordic Medico-Statistical Committee. Reproduced with permission from 
SAGE Publications. Kavaja et al. Scand J Surg 2018. (II, III) 









English translation from Finnish 
version of procedure codes 
Direct English version of the 
procedure code 
NBE20 Suture or reinsertion of ligament of 
shoulder 
Suture or reinsertion of ligament of 
shoulder  
NBE25 Arthroscopic suture or reinsertion of 
ligament of shoulder 
Arthroscopic suture or reinsertion of 
ligament of shoulder  
NBE30 Transposition of ligament of shoulder Transposition of ligament of shoulder  
NBE35 Arthroscopic transposition of 
ligament of shoulder 
Arthroscopic transposition of ligament 
of shoulder  
NBE40 Repair or transplant of shoulder 
capsule or ligament of shoulder 
Plastic repair of ligament of shoulder 
not using prosthetic material  
NBE45 Arthroscopic repair or transplant of 
shoulder capsule or ligament of 
shoulder 
Arthroscopic plastic repair of ligament 
of shoulder not using prosthetic 
material  
 
NOMESCO: Nordic Medico-Statistical Committee. Reproduced with permission from SAGE 
Publications. Kavaja et al. Scand J Surg 2018. (II, III) 
 
To exclude multiple admissions for the same shoulder procedure episode, 
we considered that for a patient with two different register hits indicating a 
shoulder capsular surgery procedure within two months this would be the 
same procedure and treatment episode. (II, III) 
 
For Study IV, we conducted a retrospective medical record review to 
identify patients operated on with arthroscopic LR for shoulder instability at 
Töölö Hospital, Helsinki University Hospital, Helsinki, Finland between 
January 1994 and December 1998. As inclusion criteria, we required a 
traumatic primary shoulder dislocation, no previous operations in the index 
shoulder region, and a labrum lesion as an intraoperative finding. All 
patients gave informed consent.  
 
We assessed clinically and radiologically 72 patients (74 shoulders) (71%) 
of the initial potentially suitable 101 patients with a mean follow-up time 
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after the index shoulder surgery procedure of 13 years (range 11-15). One-
third of patients were operated on after a primary traumatic shoulder 
dislocation. We additionally interviewed by telephone nine patients who 
were unable to attend the arranged follow-up visit. We were unable to 
retrieve a mailing address for six patients and could not reach eight patients 
regardless of numerous attempts. Three patients lived abroad, and another 
three declined participation in the study. We present the demographics of 
examined and interviewed patients in Table 4. (IV) 
 
Table 4. Patient characteristics of 81 individuals (83 shoulders)* with a mean follow-up of 13 




Number of operated shoulders 83 
Age at time of initial surgery (years) 29 ± 9; (range 15–
59) 
Number of dislocations before initial surgery   
One dislocation 28 (34%) 
2-5 dislocations 20 (24%) 
5-10 dislocations 10 (12%) 
> 10 dislocations 25 (30%) 
Delay from initial shoulder dislocation to surgery (years) 5 ± 8; (range 0-
38) 




Adapted from Kavaja et al. J Shoulder Elbow Surg 2012. (IV) 
*72 patients (74 shoulders) were assessed clinically, two patients had a bilateral complaint and 
an additional nine patients were interviewed. 
4.3 SURGICAL TECHNIQUE (IV) 
One senior orthopaedic surgeon performed all initial shoulder surgery 
procedures in Töölö Hospital between 1994 and 1998. The patient lay in the 
beach-chair position under general anaesthesia. A standard posterior portal 
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and an anterior portal above the subscapularis tendon were established, and 
after general evaluation of the glenohumeral joint, the anterior labral lesion 
was evaluated. The anterior capsulolabral structures were freed from the 
neck of the glenoid with a rasp, and a bur was used to create a raw bleeding 
bony surface throughout the length of the anterior labral lesion. A Suretac 
fixation tack (Acufex Microsurgical, Mansfield, MA, USA) was introduced 
over a guidewire and seated with use of a cannulated driver. The procedure 
was repeated with a second tack. If the whole lesion was not securely fixed 
with the second Suretac fixation tack, an additional one or two intra-
articularly positioned tacks were used.  
 
The operated shoulder was immobilized in a sling for a period of three 
weeks after the surgery, and the patients followed a rehabilitation protocol, 
including active-assisted ROM exercises and isometric and concentric 
strengthening. Limited return to sports was allowed at three months. The 
surgeon routinely assessed the patients postoperatively at two weeks, three 
months, and six months. 
4.4 FOLLOW-UP (IV) 
We contacted and invited the patients to attend the outpatient clinic at Töölö 
Hospital. The clinical examination included shoulder function and stability 
testing. We tested the shoulder stability with apprehension test, relocation 
test, and hyperlaxity with anterior and posterior load-and-shift tests and 
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sulcus sign test. We tested shoulder ROM in elevation, abduction, ER, and IR 
(humerus in 90 abduction).  
 
We objectively evaluated the function of the index shoulder with Constant 
Score (162), and the patient’s self-evaluated shoulder OA-specific and 
instability-specific shoulder function by Western Ontario Osteoarthritis of 
the Shoulder (WOOS) (285) and WOSI questionnaires, respectively. Patients 
rated subjective satisfaction with surgery results with a five-point Likert scale 
and symptoms and inconvenience with open questions. 
 
We took radiographs from both shoulders with anteroposterior and 
axillary projections. An independent radiologist performed the radiologic 
evaluation of glenohumeral OA by the Samilson-Prieto (S-P) classification 
(286), which grades glenohumeral OA by the size and presence of 
osteophytes, narrowed joint gap, and subchondral sclerosis (0, normal 
glenohumeral joint; 1, mild osteoarthritis; 2, moderate osteoarthritis; or 3, 
severe osteoarthritis). Examples of each pathognomonic grade (mild-severe) 
of glenohumeral OA according to the S-P classification are presented in 





Figure 3. In the Samilson-Prieto classification, osteoarthritis is defined by the size and presence 
of osteophytes, narrowed joint gap, and subchondral sclerosis. (A) In mild osteoarthritis (grade 
1), glenoid osteophytes are less than 3 mm in size; (B) in moderate osteoarthritis (grade 2), 
inferior humeral or glenoid osteophytes are 3 to 7 mm in size; and (C) in severe osteoarthritis 
(grade 3), osteophytes are more than 7 mm with or without articular incongruence. Reproduced 
with permission from Elsevier. Kavaja et al. J Shoulder Elbow Surg 2012. (IV) 
4.5 ANALYSES (I, II, III, IV) 
In Study I, we performed direct MA of clinically homogeneous studies 
(patients, indications of treatment, intervention pairs, and outcomes). If 
studies with the same intervention-control pairs were not generally 
homogeneous, we performed multiple pairwise direct MAs of the trials. In 
the analysis of operative treatment of a first-time shoulder dislocation, we 
performed a frequentist NMA to determine the effectiveness of different 
surgical treatment options according to suitable and matching time points 
available in the included studies. Since the majority of recurrent shoulder 
dislocations occur within two years (119, 137, 287-291), we prioritized the 
outcomes at that time point for the relevant assessment. Even though trials 
had reported outcomes at multiple time points, we included data from only 
one time point in a single analysis. We calculated the number needed to treat 
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(NNT) for statistically significant between group comparisons and 
intervention pairs with dichotomous outcomes (292). The NNT describes the 
number of patients who need to receive treatment to prevent one patient 
from having an event (i.e. shoulder redislocation). We calculated the NNTs in 
the applicable trials from the point estimates of the relative risk ratio (RR), 
base redislocation risk, and the redislocation rates reported in the trials. The 
natural course risk for a patient to suffer a subsequent dislocation after the 
primary episode is described by the base redislocation risk. We adopted the 
base redislocation risk range of 21% (pooled overall) to 47% (level I studies 
only) from an SR, which assessed the fundamental risk and risk factors for 
recurrent dislocations in level I and level II prognostic studies (12). 
 
We anticipated variation among patients and outcome measurements, 
and therefore, based all analyses on random effects models and used I square 
statistics to quantify the statistical heterogeneity. We did not perform 
sensitivity analyses or meta-regression analyses to explore heterogeneity or 
the effect of bias. The NMA evaluated inconsistency with tau square, Cochran 
Q statistic, corresponding p-values, and the net heat plot and the assumption 
of exchangeability with qualitative analysis (293). The constructed network 
included a low number of trials, and therefore, we could not estimate the best 
treatment with the use of exchangeability assessment with quantitative 
methods or the use of P-score. We did not primarily plan sub-group analyses.  
 
We used the Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) approach to rate the quality of evidence and present a 
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summary of findings table (294). For inconsistency, we downgraded if the 
magnitude or direction of effects was dissimilar, the confidence intervals 
(CIs) had minimal overlap, the test of heterogeneity was significant, or the I 
square was >50%. We downgraded for imprecision if the CIs were very wide 
or if the Optimal Information Size (OIS) criteria were not met. We performed 
the MAs with Review Manager (RevMan) (V 5.3.5) (295), and the NMA with 
R (V 3.2.1) (296) and the netmeta package (293) and the GRADE judgements 
and the summary of findings table with GRADEpro GDT (297). (I) 
 
In Studies II and III, we calculated the surgery procedure incidences by 
dividing the number of procedures by the respective number of people at that 
year in the population. In Study II, we analysed the incidence rates (per 
100,000 person-years) according to year and different age groups in the 
whole country and in university hospital districts. In Study III, we analysed 
the incidence rates (per 100,000 person-years) according to hospital type 
(public versus private) and different age groups. 
 
For Studies II and III, we used Microsoft Excel 2013 software (Microsoft, 
Seattle, WA, USA) for the statistical analysis and Microsoft Excel 2007 
software (Microsoft, Seattle, WA, USA) for Study IV. The surgery rates in 
Studies II and III were not sample-based estimates, but were based on the 
entire population of Finland, and thus, we did not calculate 95% CIs.  
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4.6 ETHICAL CONSIDERATIONS (I, II, III, IV) 
For Studies II and III, permission to collect registry data from FHDR and 
from the reimbursement register of the Social Insurance Institution was 
covered in a previous approval from the predecessor of the National Institute 
of Health and Welfare and the National Research and Development Centre 
for Welfare and Health for the PERFECT project. (II, III) In Study IV, all 
potentially suitable patients were contacted by telephone after careful 
medical record review, and the patients were given information about the 
study. We gave willing patients thorough information about the study 
protocol and sent an informed consent form to be signed. For cooperative 
patients fulfilling inclusion criteria, we sent study questionnaires and invited 
them to clinical and radiographic examinations at Töölö Hospital, Helsinki 
Central Hospital, Helsinki, Finland. Participation was voluntary for all 
patients and they had a right to withdraw from the study at any time point 
without providing a reason. (IV)  
 
Ethical approval was not required for Studies I, II and III. Study IV was 
approved by the Ethics Committee of the University of Helsinki 




5.1 SYSTEMATIC REVIEW (I) 
5.1.1 STUDY CHARACTERISTICS 
After duplicate removal, the literature search yielded 2867 reports. Of these 
reports, we considered 55 for inclusion after review of titles and abstracts 
and included 25 publications (22 RCTs) after full text review. We present the 
study accrual in Figure 4. 
 
Figure 4. Study accrual flow chart. Adapted from Kavaja et al. Br J Sports Med 2018. (I) 
*25 publications from 22 RCTs 
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Treatment after a primary traumatic shoulder dislocation was 
investigated in 10 out of the 22 included RCTs. In four studies, the study 
question was whether surgery was advantageous after a primary traumatic 
shoulder dislocation (22, 48, 50, 181, 205, 206), in five RCTs the effect of 
upper extremity immobilization in ER versus IR in preventing further 
shoulder instability was evaluated (46, 47, 52, 250, 251), and in one 
publication a combination of use of a motion restriction band after 
immobilization in ER versus immobilization in ER only was examined (270). 
Twelve RCTs concentrated on chronic post-traumatic instability. Of these, 
four RCTs compared open and arthroscopic LR (49, 264, 265, 267), three 
compared absorbable and non-absorbable suture anchors (198, 199, 218), 
and five were in separate individual categories because of non-comparable 
study questions (51, 217, 266, 268, 269, 271). 
 
We identified six unpublished RCTs, which are presented in Appendix 
Table 1. Despite efforts, we failed to receive data from these unpublished 
trials, and therefore, we could not include the data in our analyses. We 
identified 20 ongoing RCTs, which were potentially within the scope of our 
SR. We present the ongoing RCTs in Appendix Table 2. 
 
Patients’ average age ranged between 20.3 and 36 years. The range in the 
mean follow-up time between studies was from 12 to 143 months. The 
mechanism of injury was not reported in seven RCTs (51, 52, 199, 264-267), 
but in 15 RCTs 67% of the first-time shoulder dislocations were due to 
traumatic origin in sporting activities. Only one study included patients with 
Results 
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5.1.2 QUALITY OF INCLUDED TRIALS AND RISK OF BIAS  
Of all studies, 21 were classical RCTs; one used a minimization algorithm 
(50), and all trials included analogous patient groups. Two trials were 
double-blind (50, 218), seven trials were single-blind (22, 48, 52, 198, 217, 
266, 268, 269, 271), and 13 trials were not blinded (46, 47, 49, 51, 181, 199, 
205, 206, 250, 251, 264, 265, 267, 270). Fourteen trials described sample size 
estimation (22, 46-52, 198, 250, 251, 264, 268-271), only one of which met 
the attempted estimation of sample size (46). All trials reported ITT analysis. 
Marked variation existed in the number of patients in the trials, as the 
sample size ranged from 30 to 198 participants. Among the trials, the patient 
drop-out rate ranged from 0% to 20%.  
 
We considered the risk of bias high in two RCTs due to variation in the 
timing of the follow-up assessments (199, 251); in three (14%) of the 22 trials 
the scheduled and carried out follow-up visits were reported unambiguously 
to meet the accepted deviation of less than three months (47, 198, 250). We 
present the complete risk of bias assessment of the included trials in 
Appendix Table 3. 
 
Two studies disclosed a potential COI and industrial sponsorship (269, 
270), three trials (199, 217, 250) reported a sponsorship, and another five 
trials (22, 51, 181, 264, 268) reported either a sponsorship or COI. Six RCTs 
made an explicit statement of not having interfering COIs or sponsorships 
(46, 47, 49, 50, 52, 251), while nine studies did not provide a statement about 
Results 
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COI or possible sponsorship (Appendix Table 3) (48, 198, 205, 206, 218, 
265-267, 271). 
5.1.3 GRADE JUDGEMENT AND SUMMARY OF FINDINGS 
The quality of the evidence in the RCTs varied from very low to moderate. We 
downgraded most commonly because of imprecision and absence of blinding. 
The GRADE summary of findings table is presented below each subsection of 
the synthesis of results. 
5.1.4 SYNTHESIS OF RESULTS 
5.1.4.1 First-time traumatic shoulder dislocation 
5.1.4.1.1 Early surgery 
In the NMA, we compared LR, NSM, and AL of the glenohumeral joint in 
reducing shoulder redislocations at the one- and two-year time points. The 
NMA included four studies at both one- (22, 50, 181, 205) and two-year  (22, 
50, 181, 206) time points with 273 and 243 patients, respectively. The 
calculated RR at one year between LR and NSM was 0.08 (95% CI 0.02 to 
0.27, P<0.001). RR in the comparison of LR versus AL was 0.23 (95% CI 
0.08 to 0.67, P=0.007, I square=0%, P=0.46). At the two-year time point, RR 
in the comparison between LR and NSM was 0.15 (95% CI 0.03 to 0.8, 
P=0.026) and in the comparison between LR and AL 0.21 (95% CI 0.05 to 
0.91, P=0.037, I square=63.6%, P=0.064). The NMA analyses at the one- and 
two-year time points and the summary of findings are presented in Figures 
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5A and 5B and Table 6, respectively. There was a benefit of AL at one year 
compared with NSM, as the RR was 0.34 (95% CI 0.14 to 0.86, P=0.023) 
(Figure 5A); however, this benefit vanished at the two-year time point (RR 
0.71; 95% CI 0.14 to 3.68, P=0.686) (Figure 5B). We were able to perform a 
direct MA only between studies comparing LR and AL. This comparison 
included two studies (160 patients) (50, 181) and showed a favourable 
treatment effect of LR (RR 0.13; 95% CI 0.03 to 0.69, P=0.02, I square=54%, 
P=0.14) (Appendix Figure 1). The NNT to prevent a redislocation at two years 
ranged from 2.0 to 4.7 using the redislocation rates in the included RCTs (22, 
50, 181) and between 2.5 and 5.6 according to the base risk obtained from the 
previously mentioned SR (12). 
 
 
Figure 5. Relative risk of a redislocation after treatment of a first-time traumatic shoulder 
dislocation at (A) 1 year and at (B) 2 years, derived from the network meta-analysis. CI: 
Confidence interval; NSM: Non-surgical management. Adapted from Kavaja et al. Br J Sports 




Table 6. Labrum repair compared with physiotherapy for prevention of recurrent dislocations after 
a first-time traumatic shoulder dislocation. 
Patient or population: A first-time traumatic shoulder dislocation 
Setting: Surgery versus non-surgical management 
Intervention: Labrum repair  
Comparison: Physiotherapy 
Outcome 




(95% CI)  
Anticipated absolute effects (95% 
CI)  










FU (mean): 2 
years 
No. of patients 




















CI: Confidence interval; FU: Follow-up; RCT: Randomized controlled trial; RR: Relative risk. 
Adapted from Kavaja et al. Br J Sports Med 2018. (I)  
*Rated down for serious risk of bias (lack of blinding) and serious imprecision. Rated up for large 
magnitude of an effect. 
 
5.1.4.1.2 Arm position  
A great deal of heterogeneity was present between the studies comparing arm 
position, and therefore, we performed three separate direct comparison MAs 
in studies sufficiently homogeneous to compare immobilization in ER versus 
IR: one of the trials with young patients and a narrow age range reporting 
shoulder redislocations, the second of a subset of the former reporting 
symptomatic shoulder instability, and the third of older patients with a wide 
age range reporting symptomatic shoulder instability. Arm position did not 
have an impact on outcome in any of the comparisons. In the comparison of 
three trials (287 patients) (47, 52, 251) reporting redislocations in patients 
with a narrow age range and an average age of 25 years, the RR was 1.07 
(95% CI 0.76 to 1.50; P=0.70; I square=0%; P=0.65) (Appendix Figure 2A). 
Two of these trials (236 patients) (47, 52) also reported symptomatic 
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instability, and therefore, we carried out an additional direct MA (RR 1.01; 
95% CI 0.82 to 1.24; P=0.90; I square=0%; P=0.78) (Appendix Figure 2B). 
Two other trials (261 patients) (46, 250) included significantly older patients 
(average age 35 years) with a wide age range and reported only symptomatic 
shoulder instability. In the direct MA between these studies, the RR was 0.31 
(95% CI 0.06 to 1.68; P=0.17; I square=82%; P=0.02) (Appendix Figure 2C). 
The summary of findings is presented in Table 7. 
 
Table 7. Immobilization in external rotation compared with internal rotation for prevention of 
recurrent shoulder dislocations or chronic post-traumatic shoulder instability after a first-time 
traumatic shoulder dislocation. 
 
Patient or population: A first-time traumatic shoulder dislocation  
Setting: Non-surgical versus non-surgical management 
Intervention: Immobilization in ER  
Comparison: Immobilization in IR 
Outcome 




(95% CI)  
Anticipated absolute 
effects (95% CI)  
Certainty  What happens  






FU (mean): 2 years 
No. of patients  
















external rotation does 









FU (mean): 2 years 
No. of patients  















external rotation does 






CI: Confidence interval; ER: External rotation; FU: Follow-up; IR: Internal rotation; RCT: 
Randomised controlled trial; RR: Relative risk. Adapted from Kavaja et al. Br J Sports Med 2018. 
(I) 
*Rated down for serious risk of bias (lack of blinding), serious inconsistency, and strongly 
suspected publication bias. 
**Rated down for serious risk of bias (lack of blinding) and strongly suspected publication bias. 
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5.1.4.1.3 Restriction band usage 
Immobilization in ER followed by use of a shoulder motion restriction band 
(versus immobilization in ER only) did not have an effect on shoulder 
redislocation rates (270). 
5.1.4.2 Chronic post-traumatic shoulder instability 
5.1.4.2.1 Open versus arthroscopic surgery  
In a direct MA between three studies (269 patients) (49, 264, 265), open LR 
prevented recurrent dislocations with a statistically significant difference (RR 
0.43; 95% CI 0.19 to 0.97; P=0.04; I square=0%; P=0.43). Open LR 
prevented also recurrent symptomatic instability with a statistically 
significant difference in a direct MA between two studies (223 patients) (49, 
267) (RR 0.49; 95% CI 0.26 to 0.92; P=0.03; I square=0%; P=0.99). 






Table 8. Summary of findings for open versus arthroscopic labrum surgery to treat chronic post-
traumatic shoulder instability. 
Patient or population: Chronic post-traumatic shoulder instability 
Setting: Surgery versus surgery 
Intervention: Open labrum surgery 
Comparison: Arthroscopic labrum surgery 
Outcome 




(95% CI)  
Anticipated absolute effects 
(95% CI)  
Certainty  What happens  





FU (mean): 2 
years 
No. of patients 





















CI: Confidence interval; FU: Follow-up; RCT: Randomised controlled trial; RR: Relative risk. 
Adapted from Kavaja et al. Br J Sports Med 2018. (I) 
*Rated down for serious risk of bias (lack of blinding) and serious imprecision. 
 
5.1.4.2.2 Absorbable versus non-absorbable suture anchors, tacks, or suture 
materials 
A direct MA did not show a statistically significant difference in recurrent 
instability rates between absorbable and non-absorbable suture anchors in a 
direct MA between three studies (232 patients) (198, 199, 218) (RR 0.62; 
95% CI 0.21 to 1.86; P=0.40; I square=0%; P=0.95) (Appendix Figure 4). 
Neither absorbability of implants nor suture material had an effect on 
redislocation rates (198, 199, 217, 218, 268, 269). The summary of findings is 





Table 9. Summary of findings for use of absorbable versus non-absorbable implant materials in 
labrum surgery to treat chronic post-traumatic shoulder instability. 
Patient or population: Chronic post-traumatic shoulder instability 
Setting: Surgery versus surgery 
Intervention: Absorbable implant material 







(95% CI)  

















9.6%  5.9% 














CI: Confidence interval; FU: Follow-up; RCT: Randomised controlled trial; RR: Relative risk. 
Adapted from Kavaja et al. Br J Sports Med 2018. (I) 
*Rated down for serious risk of bias (lack of blinding). 
 
5.1.4.2.3 Accelerated versus traditional post-operative rehabilitation and different 
surgical procedures 
We could not perform MAs on three RCTs, all of which had a single study 
question in their own category (pace of rehabilitation after a surgical 
intervention, two trials comparing two surgical methods) (51, 266, 271). The 
trials did not observe any between-group differences in shoulder 
redislocation rates. 
5.1.5 ADVERSE EFFECTS IN INCLUDED RCTS 
Adverse effects were scarcely and heterogeneously reported, and therefore, 
we could not perform additional analyses. Three studies specified and 
reported adverse effects as a study outcome a priori (47, 50, 264). Thirteen 
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studies reported adverse effects encountered, although these were not listed 
as a study outcome (22, 46, 49, 181, 205, 218, 250, 251, 265-269). Nine 
studies did not mention adverse effects (48, 51, 52, 198, 199, 206, 217, 270, 
271). In the included RCTs, there were altogether 19 patients (1.5%) with 
temporary pain, rigidity, or stiffness in the injured shoulder, 17 patients 
(1.3%) with transient nerve injuries, 5 patients (0.39%) with superficial 
wound infections, 3 patients (0.24%) with adhesive capsulitis, and 1 patient 
(0.08%) with septic arthritis in the shoulder. When only non-surgically 
treated patients were studied, transient pain or rigidity was observed in 14 
patients (3.2%), transient nerve injuries in 12 patients (2.7%), adhesive 
capsulitis in 1 patient (0.2%), and transient axillary rash in 2 patients (0.5%). 
5.2 SHOULDER CAPSULAR SURGERY TRENDS IN 
FINLAND (II, III) 
In Finland, a total of 13,673 shoulder capsular surgery procedures were 
performed between 1999 and 2008; of these, 7491 (55%) were performed in 
private hospitals. The annual growth in the incidence rates was on average 
7% (range -3% to 18%). Annually, the proportion of procedures performed in 
private hospitals varied between 51% and 59%. The annual incidence rates 
increased in public and private hospitals 6% and 9%, respectively. The 
average annual incidence of shoulder capsular surgery procedures was 26 
(range 17-33) per 100,000 person-years, and between the years 1999 and 
2007 the incidence rates increased by 88%. The year 2007 was used in the 
Results 
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comparison, with the peak in annual procedures reached this year. We 
present the essential details of the patient material in Table 10. 
 
Table 10. Key descriptors among 13,673 patients operated on for shoulder capsular lesions in 
Finland between 1999 and 2008. 
  1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 
Procedures* 892 1009 1195 1299 1306 1450 1543 1587 1722 1670 
Procedure incidence** 17.3 19.6 23.1 25.1 25.1 27.8 29.5 30.2 32.7 31.5 
Arthroscopy (%) 63.2 72.7 78.3 81.0 83.1 88.1 89.4 91.9 92.9 91.7 
Age (mean, years) 38.7 37.0 37.9 38.3 37.5 36.6 36.1 35.3 35.7 35.0 
Male (%) 69.8 69.8 69.3 69.6 70.5 69.7 70.8 70.0 67.8 70.1 
Procedures in UH (%) 19.1 22.3 17.2 15.9 17.2 16.2 22.2 19.1 22.6 17.4 
 
UH: University hospital. Adapted from Kavaja et al. Scand J Surg 2018. (II, III) 
*NBE20, NBE25, NBE30, NBE35, NBE40 and NBE45 
**Per 100,000 person-years 
5.2.1 THE WHOLE COUNTRY (II) 
Of the total average annual incidence, the arthroscopic surgery procedure 
was performed in 22 (range 11-30) (85%) of the 26 procedures per 100,000 
person-years. The annual incidence of arthroscopic procedures increased on 
average 12% (range -5% to 30%). The incidence of arthroscopic procedures 
increased by 89% between 1999 and 2007, and the proportion of 
arthroscopic procedures increased from 63% to 93% (Table 10). The 
incidence of arthroscopic procedures decreased slightly from 30 in 2007 to 
29 in 2008 per 100,000 person-years. We present the annual incidences of 
shoulder capsular surgery procedures per 100,000 person-years between 




Figure 6. Incidence of shoulder capsular surgery procedures in Finland between 1999 and 2008 
per 100,000 person-years. Adapted from Kavaja et al. Scand J Surg 2018. (II) 
 
The average annual incidence of open shoulder capsular surgery 
procedures was 4 (range 2-6) per 100,000 person-years and the annual 
decrease was on average 9% (range -22% to 13%). In total, the incidence of 
open shoulder capsular surgery procedures decreased by 64% between 1999 
and 2007. 
5.2.2 AGE GROUPS (II) 
The highest average annual incidence was 66 (range 37-86) per 100,000 
person-years in the age group 21-30 years, whereas the lowest average 
annual incidence of 11 (range 6-15) per 100,000 person-years was observed 
in the age group over 61 years. The incidence rates increased on average by 
89% (range -37% to 200%) in all age groups between 1999 and 2007, but the 
most distinct growth was observed in patients aged between 41 and 50 years. 
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The only decrease in the incidence rates was observed in patients over 61 
years. We present the shoulder capsular surgery incidence rates in different 
age groups in Figure 7. 
 
Figure 7. Incidence of shoulder capsular surgery procedures in age groups in Finland between 
1999 and 2008 per 100,000 person-years. Adapted from Kavaja et al. Scand J Surg 2018. (II)  
 
The highest average annual incidence of arthroscopic procedures of 59 
(range 25-82) per 100,000 person-years was observed in patients aged 
between 21 and 30 years, whereas in patients over 61 years of age the average 
annual incidence rate was the lowest at 6 (range 4-8) per 100,000 person-
years. The incidence of arthroscopic shoulder capsular surgery procedures 
increased between 1999 and 2008 on average by 160% (range -12% to 280%) 
in all age groups, excluding only the patients over 61 years of age; the 




In patients between 21 and 30 years, the average annual incidence of open 
procedures was 7 (range 4-12) per 100,000 person-years, which was the 
highest observed annual incidence rate. In patients under 21 years of age, we 
observed the lowest incidence rate of 1 (range 0.5-3) per 100,000 person-
years. The annual incidence of open procedures decreased between 1999 and 
2008 on average by 55% (range 24% to 80%) in all age groups; the most 
distinct drop was observed in patients over 61 years of age. 
5.2.3 UNIVERSITY HOSPITAL DISTRICTS (II) 
In all university hospital districts, the average annual incidence of total and 
arthroscopic shoulder capsular surgery procedures increased between 1999 
and 2007 by 94% (range 66% to 120%) and 210% (range 110% to 310%), 
respectively. The average annual incidence of open procedures in all 
university hospital districts decreased by 63% (range 48% to 69%). We 
observed the clearest rising trend in the incidence rates between 1999 and 
2007 in the university hospital district of Turku, but in other hospital 
districts the incidence rate trends were somewhat similar. We observed a 
particular geographical variation in the incidence rates between university 
hospital districts of Turku and Oulu in 2007 of 96%. We present the 
geographic variation of annual incidence rates in university hospital districts 




Figure 8. Geographic variation in incidence of shoulder capsular surgery procedures in university 
hospital districts in Finland between 1999 and 2008 per 100,000 person-years. Adapted from 
Kavaja et al. Scand J Surg 2018. (II) 
5.2.4 EFFECT OF CHANGE IN THE REIMBURSEMENT SYSTEM (III) 
5.2.4.1 Effect of change in the whole country 
The overall incidence of shoulder capsular surgery procedures continued to 
increase with a similar trend after the change in the reimbursement system 
in 2005. When publicly and privately funded hospitals were observed 
separately from 2005 to 2008, the incidence rates increased by 20% in 
privately funded hospitals and decreased by 7% in publicly funded hospitals. 
The trend of incidence rates in the privately funded hospitals remained the 
same throughout the followed year-cohorts, and no distinct increase was 
observed after the change in the reimbursement system. The annual 
incidence rates increased in publicly and privately funded hospitals by 60% 
(annual range -6% to 14%) and 100% (annual range -7% to 37%), 
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respectively, during the followed year-cohorts from 1999 to 2008. We 
present the annual incidence rates in publicly and privately funded hospitals 
and as a reference the total incidence rate in the whole country between 1999 
and 2008 in Figure 9. 
 
Figure 9. Incidence of shoulder capsular surgery procedures in total and in publicly and privately 
funded hospitals in Finland between 1999 and 2008 per 100,000 person-years. Adapted from the 
submitted manuscript by Kavaja et al. (III) 
5.2.4.2 Effect of change in age groups 
The incidence rate of shoulder capsular surgery procedures decreased in 
publicly funded hospitals after the change in the reimbursement system by 
21% (range 2% to 26%) in patients under 41 and over 61 years of age. 
Simultaneously, in patients aged between 40 and 60 years the incidence 
increased on average by 16% (range 4% to 29%).  
 
After the change in the reimbursement system in privately funded 
hospitals, the incidence rates increased in patients under 61 years of age on 
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average by 28% (range 2% to 64%). We present the annual incidence rates in 
age groups in publicly and privately funded hospitals in Figures 10A and 10B, 
respectively. 
 
Figure 10A. Incidence of shoulder capsular surgery procedures in age groups in publicly funded 
hospitals in Finland between 1999 and 2008 per 100,000 person-years. Adapted from the 
submitted manuscript by Kavaja et al. (III) 
 
 
Figure 10B. Incidence of shoulder capsular surgery procedures in age groups in privately funded 
hospitals in Finland between 1999 and 2008 per 100,000 person-years. Adapted from the 
submitted manuscript by Kavaja et al. (III) 
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5.3 LONG-TERM SHOULDER FUNCTION AND 
GLENOHUMERAL OSTEOARTHRITIS (IV) 
Of the 81 patients, 26% had suffered a recurrent shoulder dislocation. We 
graded 47 of 74 assessed shoulders (64%) as stable, whereas mild anterior 
instability was demonstrable in 36% of patients. Recurrent instability 
symptoms interfered with daily routines in 24 (30%) and with 
sports/recreation/work in 28 (35%) of the 81 patients. During the last year 
before the follow-up visits the index shoulder did not interfere at all in 30 
(37%) out of 81 patients.  
 
Reoperation was performed on 12 patients (15%) due to recurrent 
instability episodes. In ROM evaluation (degrees), forward elevation was on 
average 160, abduction 150, ER 55, and IR 50. We observed a clinical 
correlation in ER and IR ROM with the severity of OA, as the reach in ER and 
IR was better in patients with no OA or mild OA than in those with moderate 
or severe OA.  
 
Constant Score of the assessed 72 patients was on average 78 points 
(range 20-94; SD 15). The mean score on the OA-specific shoulder function 
(WOOS) was 280 (range 14-1447; SD 307), which equates to 85% of the best 
possible score. The mean score of interviewed patients in WOOS was 144 
(range 26-399; SD 129), which equates to 92% of the best possible score. 
Instability-related shoulder function (WOSI) was on average 457 (range 13-
1920; SD 429), which equates to 78% of the best possible score. The score of 
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interviewed patients in WOSI was on average 278 (range 95-824; SD 230), 
which equates to 87% of the best possible score. The overall satisfaction with 
surgery results was extremely satisfied or satisfied in 77% of patients. We 
present the instability-related shoulder function and patients’ subjective 
evaluation of surgery results in Table 11.  
 
Table 11. Instability-related shoulder function (WOSI) and subjective satisfaction with surgery 
results in 81 patients (83 shoulders). 
WOSI (Mean ±SD (range))* 
Total (2100 points) 457 ± 429 (range 13-1920), [78%] 
Physical symptoms (1000 points) 207 ± 198 (range 3-894), [79%] 
Sports/Recreation/Work (400 Points) 105 ± 104 (range 0-354), [74%] 
Lifestyle (400 points) 75 ± 84 (range 0-374), [81%] 
Emotions (300 points) 68 ± 75 (range 0-298), [77%] 
    
Subjective satisfaction with surgery results  
Extremely satisfied 38 (46%) 
Satisfied 24 (29%) 
Satisfied/unsatisfied 15 (18%) 
Unsatisfied 5 (6%) 
Extremely unsatisfied 0 (0%) 
 
SD: Standard deviation; WOSI: Western Ontario Shoulder Instability Index. Adapted from Kavaja 
et al. J Shoulder Elbow Surg 2012. (IV) 
*The best raw points are 0 and they can be converted into clinically more favourable form: [(2100 
– raw points)/2100] x100%. In symptomless shoulder, the best score is 100%, and in the worst 
case 0%. 
 
An independent radiologist evaluated that radiological glenohumeral OA 
was present in 50 out of 74 shoulders (68%). However, according to the S-P 
classification the OA was considered mild in 80% of these 50 patients. Of the 
evaluated contralateral shoulders, 23% demonstrated signs of OA, 94% of 
which were graded as mild. The radiologist observed no signs of lytic changes 
of the glenoid. We present results of radiologic and clinical OA in Table 12 
and patient details according to the grade of OA (S-P) in Table 13. 
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Table 12. Radiological glenohumeral osteoarthritis evaluated with Samilson-Prieto classification 
and glenohumeral osteoarthritis-related shoulder function (WOOS)* 
Radiological glenohumeral OA (S–P)   
Operated shoulder   
No OA 24 (32%) 
Mild OA 40 (54%) 
Moderate OA 9 (12%) 
Severe OA 1 (1%) 
Contralateral shoulder**   
No OA 54 (77%) 
Mild OA 15 (21%) 
Moderate OA 1 (1%) 
    
WOOS*** (Mean ±SD (range))   
Total (1900 points)  280 ±307; (14-1447) [85%] 
Physical symptoms (600 points)  95 ±96; (0-445) [84%] 
Sports/Recreation/Work (500 points) 86 ±105; (1-460) [83%] 
Lifestyle (500 point) 60 ±85; (0-421) [88%] 
Emotions (300 points) 40 ±49; (0-200) [87%] 
 
OA: Osteoarthritis; S-P: Samilson-Prieto; SD: Standard deviation; WOOS: Western Ontario 
Osteoarthritis of the Shoulder Score. Adapted from Kavaja et al. J Shoulder Elbow Surg 2012. 
(IV) 
*Radiological glenohumeral OA was evaluated in 72 patients. An additional nine patients returned 
the WOOS questionnaire. 
**70 shoulders; in 2 patients both shoulders have been operated on within the follow-up time. 
***In the WOOS Score, the best raw points are 0 and the points can be converted into clinically 
more favourable form: [(1900 – raw points)/1900] x100%. In symptomless shoulder, the best 



































































77 ±17 (20-93) 
[-14] 
 
OA: Osteoarthritis; SD: Standard deviation; WOOS: Western Ontario Osteoarthritis of the 
Shoulder Score; WOSI: Western Ontario Shoulder Instability Index. Adapted from Kavaja et al. J 
Shoulder Elbow Surg 2012. (IV) 
*At the time of initial dislocation (D); at the time of surgery (S). 
**Mean decrease in the age- and gender-standardized Constant Score compared with the score 




6.1 MAIN RESULTS 
We have evidence of effectiveness of surgical management versus NSM for a 
first-time traumatic shoulder dislocation, and it seems that a LR leads to 
fewer redislocations with moderate evidence. Very low to low level of 
evidence indicates that immobilization in ER is not beneficial after a first-
time shoulder dislocation compared with conventional immobilization in IR 
in prevention of subsequent recurrent dislocations. Currently, no RCTs have 
assessed the effectiveness of surgical management versus NSM or sham 
surgery in treatment of chronic post-traumatic shoulder instability, but a low 
level of evidence supports open LR preventing redislocations more efficiently 
than arthroscopic LR. (I) 
 
The incidence of shoulder capsular surgery procedures in Finland almost 
doubled and the incidence of arthroscopic procedures almost tripled between 
1999 and 2007, with significant geographical variation between the 
university hospital districts of Oulu and Turku. During the study period the 
proportion of arthroscopic procedures increased altogether from 63% to 
92%. The incidence of shoulder capsular surgery procedures increased on 




The reimbursement system changed in 2005, and thereafter, the 
procedure incidences have decreased in public hospitals, whereas in private 
hospitals the incidences have continued to increase without a distinct change 
in the trend. In public hospitals, the incidence of procedures declined in 
patients under 41 years and over 61 years of age, while in private hospitals 
the incidence increased in all patients, except those over 61 years of age. (III) 
 
The majority of patients developed radiologic glenohumeral OA after a 
primary shoulder dislocation or recurrent shoulder instability and 
arthroscopic LR. However, the OA was generally graded as mild and affected 
patients’ shoulder function was equal to that of patients without radiologic 
OA. In general, glenohumeral OA-related shoulder function and instability-
related shoulder function were only slightly impaired. (IV) 
6.2 TRAUMATIC SHOULDER INSTABILITY 
6.2.1 FIRST-TIME TRAUMATIC SHOULDER DISLOCATION (I, IV) 
In treatment of primary traumatic shoulder dislocation, LR resulted in fewer 
redislocations than NSM at two years in our SR of RCTs. At the similar time 
point, AL did not reduce recurrent dislocations more than NSM, and 
therefore AL of the glenohumeral joint can be regarded as a placebo surgical 
treatment candidate in this context. According to our NMA, LR reduced 
recurrent shoulder dislocations compared with NSM. We observed a minor, 
but uniform and plausible reduction in the risk of recurrent instability 
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episodes in the groups treated with LR. We were unable to pool data on 
disease-specific shoulder function scores due to heterogeneous reporting of 
results. However, some individual RCTs showed a difference in favour of LR 
in disease-specific shoulder function measurements (22, 50). 
 
Conclusions in previous SRs and MAs of RCTs and quasi-RCTs have been 
more favourable towards surgery (14, 30) than in our SR. The difference can 
be attributed to our use of NMA in the analysis, strict inclusion of RCTs only, 
and handling of LR, AL, and NSM as separate entities. According to our 
study (IV) and another follow-up study (55), the prognosis for shoulder 
instability, instability-related shoulder function, and glenohumeral joint OA-
related shoulder function is not impaired if surgery is postponed, i.e. not 
performed immediately after the primary shoulder dislocation, to see 
whether recurrent symptomatic instability episodes occur. Generally, as in a 
large long-term quasi-RCT (305) and in the included RCTs in our SR, about 
half of the patients experienced subsequent shoulder redislocations and the 
calculated NNTs are rather high, the current treatment policy (26) of eagerly 
performing surgical intervention after a primary shoulder dislocation is 
alarming. If watchful waiting and rehabilitation are the chosen approach 
instead of surgery, this would save half of the patients from unnecessary 
surgery and also eliminate a relatively small but real risk of serious adverse 
effects related to shoulder surgery under anaesthesia (248, 249). One in 
every 170-200 patients suffers a serious adverse effect after arthroscopic 




Treatment of shoulder instability is a good example of shared decision-
making. The patient’s values and expectations must be considered when the 
treatment options are discussed. Particularly for the patient group that 
considers the estimated postoperative risk of redislocation of about 50% to 
be too high, the decision for surgical management must be a shared one. 
However, the decision must not be too heavily influenced by the surgeon’s 
eagerness to operate. Therefore, despite the treatment method of choice, it is 
crucial that patients’ expectations are thoroughly discussed to conclude what 
defines a successful intervention from both the patient’s and surgeon’s 
viewpoints (307). Even though, according to international literature, LR after 
primary shoulder dislocation might reduce overall treatment costs (50, 207), 
the cost-effectiveness analyses are not directly applicable to the Finnish 
health care system. Therefore, from the institution’s as well as from a 
financial perspective, it is not known whether it might be cost-effective to 
treat operatively every patient after a primary shoulder dislocation, 
considering that it would mean unnecessary surgical intervention for half of 
the patients and predispose the patients to potential complications. 
 
Our SR with NMA yielded similar results as published MAs of RCTs 
regarding arm position after a first-time shoulder dislocation 
(immobilization in ER versus IR), with the type of immobilization having no 
effect on the risk of redislocations or chronic shoulder instability (17, 19, 
308). Therefore, according to the current evidence, immobilization in an 
ordinary arm sling should be preferred over the use of ER braces. 
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6.2.2 CHRONIC POST-TRAUMATIC SHOULDER INSTABILITY (I, IV) 
In treatment of chronic post-traumatic shoulder instability, there are 
currently no high-quality studies that compare the effectiveness of surgery 
with NSM, although the reported recurrent dislocation rates have been low in 
the RCTs with open LR compared with arthroscopic LR (49, 264, 265, 267). 
There is still a lack of evidence for the effectiveness of the surgery itself. In 
addition, Hovelius observed the spontaneous ability of chronically unstable 
shoulders to stabilize over time in a subgroup of patients in a long-term 
follow-up of a quasi-RCT (23). 
 
In our SR, the only feasible outcome analysis was on shoulder stability, 
and we observed that open LR was more efficient than arthroscopic LR in 
repairing an unstable shoulder. Previously published MAs, even with more 
relaxed inclusion criteria, have published similar results concerning shoulder 
stability (214, 215, 246), or have observed no difference in stability between 
arthroscopic and open techniques (31, 208-213). In our pooled analysis, the 
RR value was 0.43, which indicates that a failure (a recurrent dislocation) is 
over two times more likely with arthroscopic repair than with open repair. In 
addition, of the published RCTs, only one study assessed patients’ instability-
related shoulder function with WOSI score, and the authors did not observe 
differences between treatment groups (49). Of note, objective and patients’ 
self-assessed shoulder function and ROM evaluation did not generally 
produce significant differences between treatment groups in the published 




The shoulder redislocation rate in Study IV was 26%, which is higher than 
in other mid- to long-term retrospective studies after an arthroscopic LR (55, 
309-313), but also a few studies have reported even higher shoulder 
redislocation rates in treatment of chronic post-traumatic shoulder 
instability (314, 315). Our shoulder redislocation rate is also higher than with 
open LR and open Latarjet procedures in long-term follow-ups (˃10 years) 
(316-322). It is noteworthy that our patients self-reported the recurrent 
shoulder dislocations and subluxations during the study assessment visit, 
and we did not confirm the reported episodes from patient archives. 
Therefore, the number of reported shoulder redislocations may not represent 
only true redislocations, instead also including patient-perceived 
redislocations (i.e. subluxations or other instability symptoms). Young 
patient age, significant bony defects, hyperlaxity, type of sport, too early 
return to contact sports, or poor compliance in post-operative rehabilitation 
have been identified as risk factors for recurrent shoulder instability after a 
surgical intervention (6, 104, 203, 232). As there is a certain complexity in 
the abundance of these risk factors, it is understandable that a reliable 
analysis of shoulder instability surgery is challenging, especially in the long-
term. In addition, some or many of these risk factors may not have been 
known or failed to be identified when the primary operation was planned at 
the beginning of era of arthroscopic shoulder instability surgery. (IV) 
6.2.3 LONG-TERM EFFECTS OF SHOULDER INSTABILITY (IV) 
In the normal healthy population, the instability-related shoulder function 
measured with the WOSI score is 96.1% (323). Considering that the minimal 
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clinically important difference (MCID) in the WOSI score is 10% (110), and in 
our patient material the WOSI score was on average 78%, the instability 
impaired patients’ shoulder function only slightly. This finding agrees with 
two other long-term follow-ups reporting WOSI scores (315, 324). Even 
though we did observe a minor difference between the WOSI scores of 
patients assessed and interviewed only, the difference was not clinically 
relevant.  
 
The WOOS score has not been in use in other studies evaluating 
instability-related radiologic OA and shoulder function in patients after 
arthroscopic LR. Also, the normal value in healthy shoulders and the MCID 
for the WOOS score are not known. Therefore, we cannot reliably interpret 
the effect of glenohumeral OA on patients’ shoulder function. However, we 
can tentatively state that the WOOS scores of our assessed and interviewed 
patients of 85% and 92%, respectively, are fairly good.  
 
In our patients, the WOSI and WOOS and Constant Score were conversely 
better in patients with mild radiologic OA than in those with no radiologic 
OA, however, otherwise the scores corresponded to the severity of OA. In our 
material, the age- and gender-standardized Constant Score was similarly 
impaired according to the degree of OA when compared with the Constant 
Score reported in the literature for healthy shoulders (325). Plath et al. 
reported a Constant Score of 94 in a follow-up study without an observed 
correlation with the severity of OA (55), which is significantly superior to our 
results. However, in a recent SR, the Constant Score was judged to be a poor 
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tool for evaluating patients with OA and shoulder instability (326), therefore 
supporting our finding of only minor differences between patients with 
different grades of OA. The deficit in ER and IR seemed to correlate with the 
severity of OA in our study, which at least for ER corresponds to the findings 
of a study with an average follow-up of 8 years (311), but is not consistent 
with publications with longer follow-ups (55, 310). However, due to the 
retrospective nature of our study, the correlation between ROM deficit and 
degree of OA should be interpreted carefully since preoperative 
measurements were not available and the ROM deficit might be a secondary 
phenomenon due to glenohumeral OA or the surgical procedure itself. 
 
The reported overall satisfaction with the results of arthroscopic LR was 
extremely satisfied or satisfied in 77% of patients in our study, which is less 
than in similar studies (309, 310). The main reasons for patients’ 
dissatisfaction were loss of ROM and the obligation to avoid activities that 
promote instability symptoms. Habituation to avoid the movement patterns 
and conditions that cause instability symptoms might also be partly 
responsible for perceived disadvantages. The shoulder function has been 
generally considered good in mid-term and long-term follow-ups (55, 309-
311, 313-315, 324). Considering that 36% of our patients showed mild 
symptoms of shoulder instability in clinical testing, and the instability-
related shoulder function was only slightly impaired, we can cautiously state 




The risk of glenohumeral OA is inherent with the natural course of 
shoulder instability. Hovelius et al. reported mild to moderate glenohumeral 
OA in a 10-year follow-up of a quasi-RCT after a primary traumatic shoulder 
dislocation (116), and the occurrence increased up to 60% in a 25-year 
follow-up (54). According to the recent MAs of follow-up studies, the 
prevalence and degree of OA after arthroscopic LR are more or less similar to 
those with open LR (241, 327) and coracoid transfer techniques (327). 
However, there are no RCTs to assess the evidence of the operative technique 
itself preventing or promoting the development of glenohumeral OA. 
 
Generally, the prevalence and severity of OA in the index shoulder in our 
follow-up study were uniform with similar studies (55, 309), but the 
prevalence and severity might have been lower with the use of suture anchors 
(310). Contralateral shoulder OA was observed in 23%, which is distinctly 
higher than in a study with a reported comparison between operated and 
healthy control shoulders (315). In our patient material, the contralateral 
shoulder did not represent a “healthy” shoulder since we did not exclude 
contralateral shoulders with complaints, injuries, or performed surgical 
procedures. Hence, the prevalence of contralateral glenohumeral OA in our 
study may be biased. We observed that patients’ age at the time of the 
primary dislocation episode and the primary surgical intervention seemed to 
correlate with the degree of OA (Table 13). Moreover, the younger the 
patients were at the time of primary shoulder dislocation, the lower the 
prevalence and the severity of glenohumeral OA. These findings are in 




Radiological and clinical OA appear to be crucially different since 
radiologic findings do not seem to be associated with typical clinical 
symptoms of glenohumeral OA (328). In our study, the radiologic OA 
following shoulder dislocation was generally graded as mild, and in general 
degenerative changes were well tolerated by patients. These findings are 
commonly observed in the literature (55, 56, 309-311, 315, 317). It has been 
suggested that despite the high prevalence of shoulder dislocations relatively 
few patients develop debilitating symptomatic OA (327). The current 
literature does not explicitly report the prevalence of shoulder arthroplasty 
procedures due to post-traumatic glenohumeral OA, but the prevalence 
seems to be rare (317, 329). Therefore, reliable interpretation of causality 
cannot be made. 
6.3 SHOULDER CAPSULAR SURGERY IN FINLAND (II, 
III) 
6.3.1 SURGERY TRENDS IN FINLAND 
According to our literature review, we have performed the first 
comprehensive long-term population-based study concerning shoulder 
capsular surgery rates in general and the distribution of shoulder capsular 
surgery procedures between publicly and privately funded hospitals at the 
national level. Eight previously published studies have reported nationally 
rather restricted register data or short-term results of shoulder capsular 
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surgery rates (33-40). The trend of true population-level incidence of 
shoulder dislocations or instability complaints is unknown. Therefore, we 
can only speculate whether the true requirements for shoulder capsular 
surgery could have increased even partly due to the increased rate of 
shoulder dislocations.  
Even though the incidences or the amounts of procedures in previously 
published studies are neither directly comparable nor generalizable to the 
national level (33-40), we have observed analogous progression in the trend 
of shoulder capsular surgery procedure incidence rates and the proportion of 
arthroscopic procedures. The reported proportion of arthroscopic procedures 
in our data (92%, 2008) corresponds to that in Bonazza et al. (40), but is 
slightly higher than previously published proportions (34, 36, 37). 
In our study, 70% of the operated patients were male, with an average age 
of 37 years (Table 10). The proportion of male patients was in agreement 
with the published literature (33, 34, 36, 39, 40). The age distribution 
comparison is challenging since the age groups have been formed in a slightly 
different manner or left unreported, but we observed that the average age of 
our patients seems to be somewhat higher than in other reports (33, 34).  In 
addition, the biggest proportion of surgery procedures was performed in the 
youngest age group of patients, i.e. those under 21 years of age, with 
procedures declining directly with age in subsequent age groups (36, 39, 40). 
However, we did observe a distinctly higher proportion in the incidence of 
annual procedures in the age group of 21–30 years compared with all other 
age groups, and patients under 21 years of age comprised the third biggest 
Discussion 
 102
group for performed procedures. Also, the incidence of shoulder capsular 
surgery procedures increased rapidly and to surprisingly high proportions in 
patients aged between 41 and 60 years, comprising 27% of the performed 
arthroscopic procedures. The differently distributed procedures, the bigger 
proportion of procedures performed also on older patients, and the higher 
average age of our patients likely reflect the nationally gathered register data, 
but also the inclusion of publicly funded hospitals and the structure of the 
Finnish health care system. 
The annual shoulder capsular surgery procedure rate increased in Norway 
by 20.8% from the year 2007 to 2009, and the incidence of shoulder capsular 
surgery procedures was 12 per 100,000 person-years in 2009 (33). In our 
material, we observed an increase in the incidence of arthroscopic shoulder 
capsular surgery procedures of 4% between 2006 and 2008, while between 
2003 and 2005 the increase was 26%. It is hard to explain the difference 
between the incidences of shoulder capsular surgery procedures in Finland 
and Norway by only variation in the prevalence of shoulder instability 
between countries. 
In the United States, Owens et al. reported a noteworthy geographical 
variation in shoulder capsular surgery procedures, and they have speculated, 
that the variation might represent effects of variability in orthopaedic 
training programmes and the number of orthopaedic fellowship trainees 
(34). In Finland, the publicly funded hospitals bear a century-old 
constitutional responsibility to provide necessary health care to all citizens, 
and thus, the structure of the national health care system and training 
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programmes may be more uniform than in the USA. We observed a fairly 
constant proportion of the procedures performed in publicly funded 
university hospitals during the studied year-cohorts (Table 10), but also we 
did observe a distinct difference in surgery rates between the university 
hospital districts of Oulu and Turku (Figure 8), which might imply 
differences in regional treatment practices or background incidence. 
After the change in the reimbursement system, we did not observe a clear 
change in the trend of shoulder capsular surgery procedure incidence rates; 
instead the rates remained essentially the same. As the overall increase in 
incidence was seen most in private hospitals, the insurance companies may 
have referred some of the patients who would otherwise have been treated in 
public hospitals to private hospitals due to better availability of treating 
surgeons, faster access to treatment, and lower total expenses. 
It is plausible, that to a small degree, the regional differences in the 
variation of surgery procedure rates can also be due to differences in patient 
attitudes. Moreover, surgeons’ attitude, beliefs, and decision-making 
regarding indications for surgery may also affect the executed surgical 
procedures (26-28, 330). Even though newer techniques and 
instrumentation provide similar rather than superior outcomes from the 
surgeons’ point of view compared with older techniques, the treatment habits 
may still change (331). Generally, patients’ expectations of surgical repair of 
shoulder instability are high (307). According to a survey, 92% of patients 
had a solid preference for arthroscopic surgery over open surgery methods. If 
only an open procedure was offered, the patient was more likely to decline 
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surgery. In addition, almost all of the patients with previous shoulder surgery 
would prefer an arthroscopic procedure in the future. Patients also expected 
less pain, faster recovery, and superior functional outcomes with the 
arthroscopic approach (42). Furthermore, it is plausible that a patient prefers 
an arthroscopic procedure for improved cosmetic appearance. Therefore, 
patients’ expectations are likely to influence the increasing shift of surgery 
from open to arthroscopic and the rising increase in incidence of surgery 
overall. 
6.4 LIMITATIONS (I, II, III, IV) 
The findings in our SR as well as in the majority of the published literature 
are applicable only to patients with minor bony lesions of the glenoid, as 
significant bony defects were excluded in all but one of the RCTs (51). We 
observed that in the included RCTs the use of instability-related shoulder 
function measurement was rare (22, 46-52), and the baseline values were 
even more seldom reported (49, 52). Therefore, a certain shortcoming in the 
clinical relevance of the performed SR and the current literature is that the 
impact of shoulder instability on patients’ QoL or shoulder function remains 
largely unknown. 
 
Type II error is generally present in orthopaedic literature (332), which is 
the case in shoulder instability literature as well, as commonly the 
publications did not meet the assumptions of the established power 
calculations. We observed a significant publication bias in the treatment of 
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primary traumatic shoulder dislocation and more specifically in 
immobilization in ER versus IR, noting that the same amount of studies that 
have been published on the subject have remained unpublished, despite 
being registered in the trial database (Appendix Table 1). It is well known 
that studies with “negative results” for a certain intervention are more likely 
to remain unpublished (333), which increases the odds of overestimation of 
the true effect in MAs. A methodological limitation is that we did not perform 
sensitivity analyses or meta-regression analyses. (I) 
 
We were compelled to analyse the performed shoulder capsular surgery 
procedures without meticulous categorization since the Finnish translation 
of procedure codes in shoulder capsular surgery is poor and the codes are 
inconsistently used. According to the coding, it is only possible to state that a 
shoulder capsular surgery procedure has been performed, but a distinct 
classification of a performed subtype of a procedure (e.g. anterior LR, 
capsular shift, SLAP (superior labrum anterior to posterior) repair) is 
impossible. Any of the procedure codes NBE25, NBE35, and NBE45 can be 
used to describe a performed arthroscopic LR, and therefore, our register 
material may also include surgical interventions performed due to a SLAP 
injury. In surgical treatment of shoulder instability in Finland, the procedure 
codes NBE35 and NBE45 result in higher billing and might therefore be used 
more than the procedure code NBE25. The confusion in the coding may lead 
to incorrect codes assigned to the procedures performed. However, in our 
opinion, the chosen diagnosis-procedure combinations in our material 
represent shoulder capsular surgery in Finland to a clinically relevant extent.  
Discussion 
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Although we have nationally comprehensive register data covering 10-
year cohorts, these allowed us to study the trend of shoulder capsular surgery 
procedures only up to the year 2008 and for only four year-cohorts after the 
change in the reimbursement system in the procedure code billing. On the 
other hand, considering the natural experiment of the reimbursement system 
change, we have data on several years after the change to study the trend in 
general as well as the distribution of the procedures. Since we could not 
separate patients according to their insurance status, it is impossible to 
distinguish whether the injury was compensated by statutory or optional 
insurance. In addition, it is unknown how much money the insurance 
companies compensate annually or what proportion of injuries occur in 
traffic, in leisure, or in labour. (II, III) 
 
Due to the retrospective nature of our study concerning the prevalence of 
glenohumeral OA after arthroscopic LR, the patient might not have recalled 
the date, circumstances, and energy of the trauma causing the primary 
shoulder dislocation, or the number of subsequent shoulder dislocations or 
subluxations. Furthermore, we did not have preoperative radiographs 
available because the storing policy had changed and the radiographs had 
been destroyed, nor did we have preoperative data on shoulder function. 
Moreover, the LR had been performed using bioabsorbable tacks that are no 
longer largely in use. Finally, we could not contact 20 patients of the 




On the other hand, only one experienced senior orthopaedic surgeon 
performed all of the surgical procedures, and therefore, the procedure itself 
was highly standardized, and one independent assessor performed all of the 
outcome assessments. The arthroscopic LR has remained fairly constant for 
the last 15 to 20 years, and our follow-up of 13 years is relatively long. (IV) 
6.5 CLINICAL IMPLICATIONS (I, II, III, IV) 
After the primary shoulder dislocation, the shoulder can still be immobilized 
the conventional way in IR, as the immobilization in ER does not reduce 
recurrent shoulder instability. In treatment after a first-time shoulder 
dislocation, LR is effective in prevention of recurrent shoulder dislocations in 
typical patients (i.e. young and physically active men); however, the results 
are not generalizable to the general population or women. Surgery does seem 
to effectively reduce recurrent shoulder instability episodes in treatment of 
chronic post-traumatic shoulder instability, but the role of arthroscopic LR 
should be elucidated (I). 
 
In the future, symptomatic shoulder instability should be the indication 
for surgical intervention. According to the current trend of shoulder capsular 
surgery procedures, the need to carefully consider NSM cannot be 
overstated, as the rising incidence of shoulder capsular surgery procedures 
cannot be unconditionally supported. To benefit from accurate register data, 
we should also demand unambiguous diagnosis and procedure coding and 
meticulous precision from every surgeon in reporting of the performed 
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procedures. The new reimbursement system of occupational and traffic 
insurance system may have on effect on the treatment decisions and current 
practice, increasing the total treatment costs instead of producing the savings 
anticipated (II, III). 
 
Arthroscopic LR with bioabsorbable tacks does not contribute to the 
development of glenohumeral OA, and as the patients are satisfied with the 
surgery outcome and are fairly asymptomatic in the long run, arthroscopic 
LR is a safe treatment option (IV). 
6.6 FUTURE RESEARCH (I, II, III, IV) 
The rise in the incidence and proportion of arthroscopic shoulder capsular 
surgery procedures is indisputable. The trend is not globally verified, 
although some studies have published similar results. Age group-specific up-
to-date reports of the incidence of shoulder dislocations, general shoulder 
capsular surgery rates, and specific procedure types are required to 
potentially justify the increasing procedure rates. We need high-quality 
disease-specific national shoulder registers to supervise the quality and 
effectiveness of the treatment, analyse clinical data, and improve treatment 
chains. Also needed is accurate information on the indication for the surgical 
procedure, i.e. primary (traumatic) shoulder dislocation, chronic (post-
traumatic) shoulder instability, ligamentous or labral pathology diagnosed in 
imaging, or pain. If insurance companies would provide data on 
compensations for certain treatments, it would give us a valuable perspective 
 
 109
on the actual savings by the change in the reimbursement system and the 
shift of patients’ treatments towards privately funded hospitals. 
 
As the fixation method of capsulolabral pathology in the treatment of 
anterior shoulder instability has changed largely to suture anchors, and 
glenohumeral OA develops slowly, we need new even longer-term follow-up 
studies to determine whether the risk for glenohumeral OA is similar in 
patients treated with the suture anchor fixation method as in those formerly 
treated with bioabsorbable tacks, as we anticipate. The role of shoulder 
dislocation(s), NSM, and surgery should be verified and investigated in more 
detail in the evolution of glenohumeral OA in long-term prospective and 
randomized study settings.  
 
The lack of evidence of effectiveness has an impact on daily treatment 
decisions of patients with shoulder instability symptoms, as the ideal 
physiotherapy routine for NSM after a first-time traumatic shoulder 
dislocation or for chronic post-traumatic shoulder instability is absent. 
Future trials should be adequately designed, powered, and reported, and they 
should use routinely validated measures to study shoulder function and the 
impact of shoulder dislocation or shoulder instability surgery on shoulder 
function as a main outcome with respect to the shoulder redislocation rate. 
While placebo effect is probably high in surgical interventions, further trials 
should be double-blinded and placebo-controlled when the aim is to assess 
intervention effect per se (50, 334-336). Also, to facilitate clinical decision-
making, we should establish a risk counter that estimates subsequent 
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individual risk for recurrent instability episodes after a shoulder dislocation 
of traumatic origin to evaluate whether surgery should be performed in the 
first place. We would also receive valuable information on the condition as a 
whole if we were to study patients with potentially higher risk of 
redislocations in a randomized controlled setting, also investigating whether 
a primary shoulder dislocation should be surgically treated instantly or after 
a recurrent dislocation. In addition, the cost-effectiveness of different 
treatment strategies of shoulder instability should be evaluated in Finland. 
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7 CONCLUSIONS (I, II, III, IV) 
The following conclusions can be drawn from this study:  
1) Moderate evidence for a first-time traumatic shoulder dislocation 
treated with LR shows that it leads to fewer redislocations than NSM, 
but routine surgery can still be considered overtreatment in young and 
physically active men. In treatment of chronic post-traumatic shoulder 
instability, open LR reduced the recurrent instability episodes 
compared with arthroscopic LR with low-quality evidence, but the 
overall effectiveness of surgery relative to NSM remains unknown. 
 
2) The incidence of shoulder capsular surgery and arthroscopic 
procedures in particular have increased significantly throughout 
Finland, with a distinct geographical variation that might indicate 
differences in regional treatment practices or background incidence. 
Shoulder capsular surgery procedures are performed also on older 
patients, and therefore, well-defined indications for surgery are 
needed so that the operations are performed on symptomatic patients 
most likely to benefit regardless of patients’ age.  
 
3) The change in the reimbursement system for occupational and traffic 
insurance seems to have directed patients towards privately funded 
hospitals for surgery, but we did not observe a distinct change in the 
overall trend of incidence. Insurance companies may refer patients to 
Conclusions (I, II, III, IV) 
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private hospitals because of better availability of treating surgeons, 
faster access to treatment, and lower total expenses. 
 
4) In the long run, the prevalence of radiologically evaluated 
glenohumeral OA is rather common, but it is mostly graded as mild. 
Mild glenohumeral OA and shoulder instability cause only a minor 
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Appendix Figure 1. Risk ratio of redislocation after a labrum repair versus arthroscopic lavage. 
AL: Arthroscopic lavage; CI: Confidence interval; LR: Labrum repair; M-H: Mantel-Haenszel Test. 










Appendix Figure 2. Risk ratio of (A) recurrent dislocation, (B) chronic post-traumatic instability 
after immobilization in external rotation (ER) versus internal rotation (IR) in younger patients 
(average age 23.4 years, range 14-40), and (C) chronic post-traumatic instability after 
immobilization in ER versus IR in older patients (average age 36 years, range 12-90). CI: 
Confidence interval; ER: External rotation; IR: Internal rotation; M-H: Mantel-Haenszel Test. 












Appendix Figure 3. Risk ratio of (A) redislocation and (B) chronic post-traumatic instability after 
an open versus arthroscopic labrum surgery for chronic post-traumatic shoulder instability. CI: 
Confidence interval; LR: Labrum repair; M-H: Mantel-Haenszel Test. Reproduced with permission 
from BMJ Publishing Group Ltd. Kavaja et al. Br J Sports Med 2018. (I) 
 
 
Appendix Figure 4. Risk ratio of redislocation after labrum surgery with non-absorbable versus 
absorbable suture anchors. A: Absorbable; CI: Confidence interval; M-H: Mantel-Haenszel Test; 
Non-A: Non-absorbable. Reproduced with permission from BMJ Publishing Group Ltd. Kavaja et 
al. Br J Sports Med 2018. (I) 

